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EXECUTIVE SUMMARY

The primary goal of this project is to attract ist@ interest in the development of higher valu@evo
products from non-native hardwood species growawaii. This study represents 3 parts of an
overall 4-part assessment of the potential forgraeded forest products industry in Hawaii. Part 1
was entitled Hawaii Hardwood Market Study and dused on the demand side of the hardwood
market in Hawaii itself. The executive summaryladttreport is attached as Appendix A. The full
report can be accessed on the web at:

http://www.hawaii.gov/dInr/dofaw/pubs/Hawaii%20Hamod%20Market%20Study. pdf

The data compiled during this project provides hatyyield and marketing information designed to
assist potential investors in developing busindsssothat would focus on the utilization of thegetr
species in Hawaii and abroad. The study addrassed principal project objectives each with
corresponding summary of findings included:

Inventory Summarize current availability of non-native tienlsesources on both public and private
lands in Hawaii for four non-native timber spedi@swhich there is a current supply on Hawaii
island.

1. Eucalyptus saligna/grandis

2. Eucalyptus robusta

3. Toona ciliata(Toon or Australian red cedar)
4. Fraxinus uhde(tropical ash)

There are currently 48,340 acres of non-native ¢intbhat fit the inventory criteria for this project
Hawaii Island is home to the bulk of the timberK®swith just over 41,800 acres or approximately
88% of the standing harvestable timber. Maui aada&{ combine for twelve percent with just over
three thousand acres each. Further analysis sthatvBaui carries a significant percentage of mixed
pines and that Kauai possesses an increasing sofilyDeglupta.

Harvesting , Processing and Marketifignber harvesting, test processing and markaedfrtgal solid
wood products for target species were accompligiétke following quantities.

Species Diameter Groups Trees Sites Total % Bd Ft.
E. Saligna 5 6 3 90 56 14,000

E. Robusta 5 5 2 50 31 7,750
Toon 3 3 2 18 11 2,750
Tropical Ash 2 2 1 4 2 500
Total 162 100 25,000

There are very few operations in Hawaii that cgnaahd finish significant quantities of wood
products. With the exception of Brauner Wood WarkdHawaii Island, most operators are focused
on Koa and the processing of Koa is essentiallyallance with the available and harvestable resource
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It was, therefore, very difficult to process thegtt volumes of wood into finished products witthe
time constraints of this project grant.

Eucalyptus saligna/grandiSydney Blue Gum)

Gross yields into green lumber form were in thegeaaf 1.06 to 1.10 board feet of lumber to 1 board
foot of log scale, International ¥4 inch rule. Alfddwn or trim loss factor including losses due to
stress related defects in the range of 10% to X6% fog to dry lumber would appear to be
appropriate.

At the time of the publication of this report pumts had been moved to market as follows:

* Green lumber and timbers

* Flooring

* Laminated posts and beams
* Trailer decking (low boys)

» Sliced Veneer

An extensive volume of Saligna was sold in greentar form to a local resident for construction of a
utility building. Some lumber was processed intperxmental glu-lam posts and beams by the
University of Hawaii Manoa. A significant volumedbeen processed into flooring but the final sales
results were not available at the time of publighims report. Approximately 3,720 board feet ajdo
(International Scale) was processed into slicectgewith a gross yield of about 108,000 square feet
This product proved to be difficult to sell duestaveak veneer market and extensive alternative
species competition.

Eucalyptus robusta

The overall yield of lumber to log was 1.09 lumbaly per board foot of log scale. Some product was
sold in green form to the local builder and some Waing processed into flooring at the time of the
completion of this report. The species generallyilgikss a superior reddish brown color and character
The conversion of 3,000 bf to flooring yielded 123iheal feet of untrimmed 2-1/4" and 4,605 lineal
feet of untrimmed 3-1/4" product. The input lumkes predominantly from 9” wide boards. The net
yield is expected to experience an additionaldaiivn of about 20%. Additional trials displayed
similar yields. E. robusta appears to have goodnii@tl as decking as well as for flooring, moulding
and casements.

Toona ciliata -(Toon or Australian red cedar)

The FIDR market focus on Toon has been toward rarkwroducts. This species is a bit softer than
the other species tested and it is softer tharcafriMahogany which is in currently strong favor for
custom window and door construction in Hawaii. Théor of the Toon is otherwise comparable with
the African Mahogany. Sawmill yield was 1.i8green lumber form.

Fraxinus uhdei(tropical ash)
Tropical Ash was processed in total to finished sold products via Brauner. The result was an
average sales realization of $3.38. A total logiame of 1690 board feet resulted in a yield of
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approximately 2,300 board feet of lumber and al fsia¢e of 1,780 square feet of product. The product
was readily sold and there appears to be a gooamigifor this species in upper grade products.

Structural Properties of Tested Species:

Each of the species tested in this study wereelatuated for their structural strengths and dexssitVood
samples were processed in Hawaii and then shigptik tForest Products Laboratory at Richmond, CA.
John Shelly PhD oversaw the testing of the spetidsprepared the technical summary that appeaegher
The key findings were th&. Saligna, E. robusta Toona, ciliata, and Fraxinleiall displayed good
structural properties and were higher than preWomsblished data in some casEsgrandiscame from
juvenile (11 year old) plantation stock and did display comparable strengths to the more matutei&a and
Saligna.

Design Develop a conceptual timber processing facibtyolut that could competitively deliver the
test products in the Hawaiian marketplace.

The biggest challenge in mill design is to achitheeproper balance of capacity and throughput to
market and available resource. Sawmills can begdedifor small log conversion or for larger log
conversion. It is difficult to design a mill thaarm do both. Mills that are designed for small log
conversion require extremely high numbers of loghroughput to achieve acceptable economic
returns on investment. The products of small diaminber tend to be in the lower range and are
basically commodity products. Larger logs yieldhieggrade products and the number of logs
processed can be smaller on a piece count basis.

The focus of this study has been upon medium telaygs and upon capturing or recovering higher
grade products. Logs below 14” in small end diamited to fall into the high conversion volume
category. The smaller diameter logs lend themseddeéier to small log sawmills with high piece count
throughput or rotary veneer or pulp chip marketsger and more mature hardwood logs tend to yield
more color and character and tend to yield muchdrigalue products. The focus of the design
portion of this study has been on the larger diame&tsource.

It has been difficult, historically, for processonsacquire enough resource to justify the capital
expenditure that is required for a competitive éal@g sawmill in Hawaii. This study recommends a
medium range mill design that can process 2 millef0 million board feet of lumber production per
year. Functioning in this narrow range requiresu@iul balance of processing machinery selection to
achieve adequate throughput with limited capitaéstment. Other opportunities for processing
smaller diameter wood into rotary veneer and puipswere already under design at the time of this
study. An example of a medium range and lower apitll could include a vertical band headrig, a
thin kerf resaw, an edger and a two saw trimmesgwB0 machinery is used as an example of these
types of machinery in this study.
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[I. INTRODUCTION AND METHODS

The primary goal of this project was to attractastor interest in the development of higher value
wood products from non-native hardwood species griovHawaii. Project objectives included a
review of the standing and harvestable timberptioeessing and test marketing of 25,000 board feet
of lumber and an overview design of a facility thatld competitively process the target non-native
species into the marketplace. In addition to tlmeder volumes, some 3,555 board feet of logs were
processed into sliced veneer which was not oriyirc@intemplated for the study.

Medallion Hawaiian Hardwoods LLC (MHH) was selectsdDepartment of Land and Natural
Resources (DLNR) of the State of Hawaii to condbis research project. MHH, in turn,
subcontracted the inventory work to Forest Solimt. Harvesting, processing and marketing was
subcontracted to Hawaii Island Hardwoods LLC (HIFPome analytical work was subcontracted to
JQuinn Company and the balance was done within MAREe contract manager for Division of
Forestry and Wildlife (DOFAW) was Michael Constaidies. Roger Imoto and Bob Otomo
coordinated the DOFAW work on Hawaii Island.

The inventory assessment was focused primarily dipose areas that were considered to contain
harvestable timber in contiguous areas large en¢d@lcres or more) to justify future economic
interest. The assessment focused on developmennhwuharies of the current status of non-native
timber resources on the islands of Hawaii, Maui Eadai. Koa, Ohia and Sandalwood were not
assessed in this study.

The budget designated for the inventory assessweshtimited — determination of currently standing
volumes for every landowner, species and age wlasdeyond the scope of this project. Some of the
numbers presented are more accurate than oth#e data were obtained from multiple sources.
Data is provided for areas where information waalakle or landowners had a working knowledge

of their forest.

Stephen E. S. Smith from Hawaii Forestry Manager@emtsultants conducted the inventory update
for Kauai. Scott Meidell at Haleakala Ranch did thview for Maui. Forest Solutions, Inc. reviewed
the inventories on the Hawaii Island and coordidabte summation of all three islands.

Sawmilling was accomplished on Wood Mizer horizbbtnd-mills. These mills can be quite
accurate but there is also a risk of “snaking” whaw blades dull, the blade is pushed too fast, or
there are significant variations in density anddhass within a log. The tendency in Hawaii isdw s
for heavier thicknesses to allow for variations ahdnkage.
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[ll. RESULTS AND FINDINGS

A. Inventory

There are currently 48,340 acres of non-native ¢intbat fit the criteria for this project. Hawalii

Island is home to the bulk of the timber baskehwutst over 41,800 acres or approximately 88% of
the standing harvestable timber. Maui and Kauaildoe for twelve percent with just over three
thousand acres each. Further analysis shows thai darries a significant percentage of mixed pines
and that Kauai possesses an increasing supyadlyptus deglupteLarger scale processing
becomes less likely on Maui and Kauai due to tmtéid volumes of standing timber.

Nineteen species or species groups were trackie istudy. Table A-1 provides a summary of key
statistical indicators for the larger blocks frane three-island inventory analysis. Appendices B-1
and B-2 provide further inventory detail by islatehdowner and species. Appendix B-2 summarizes
the estimated harvest volumes from those acresmisgua 10 year rotation. Appendices B-3 and B-4
provide further inventory detail for Maui and Kauai

Table A-1
Principal Ownerships and Inventories

Estimated annual
harvest — 10 year

Ownership Acreage rotation {ft Predominant Species
Hancock and Pinnacle Plantations 20,909 11,005,00 E. grandis
State of Hawaii — Hamakua 3,894 2,755,682 E. robusta
State of Hawaii — Waiakea 11,254 1,968,969 E. saligna
Kamehameha Schools — Honaunau 1,516 133,607 E.saligna., Toon, Ash
Mauna Kea Ranch — Hamakua 400 210,000 E. globulus
Total 37,973 16,083,258

There appears to be a sufficient inventory of tintbecreate a substantial “industry” in Hawaii. The
major issue comes from the diversity of ownerslaipg the difficulties for processors to obtain
sufficient long term commitments to justify the végd capital investments in processing. Plantation
timber represents over half of the standing invgnémd is dominated by the eucalypts followed by
Tropical Ash and Toon. Approximately 13,000,000icueet per year could be harvested from the
combined ownerships that would be suitable for dnipotary veneer production. Approximately
3,000,000 cubic feet per year could be harvestad the combined ownerships that would be suitable
for lumber production.
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B. Harvesting, processing and marketing

Harvesting, processing and lumber marketing tiadse conducted on the four primary species -
E.saligna E. robusta Fraxinus uhde{tropical ash) an@oona ciliata(Australian red cedar). Sonke
salignawas also processed into sliced veneer. Additipnidde E. salignawas processed from three
sites each representing a different age classratyaincluding a former C. Brewer plantation abov
Hilo, mature timber from DOFAW’ s Hamakua ForessB®e and young plantation wood from the
Hamakua Coast Hancock plantation.

1. Eucalyptus Saligna/Grandis

Approximately 14,000 board feet Bf Salignawere processed for this project. Eucalyptus grows
extensively on Hawaii Island and to a lesser ext@n¥laui and Kauai. The largest inventoryeof
salignais on State of Hawaii lands and in particular loe iHamakua coast. Other landowners have
also planted and grown significant stands of thecges. Kamehameha Schools has a signifieant
salignaresource at their Honaunau forest. C. Brewer Gomplanted considerable acreages in
various areas on Hawaii Island. The C. Brewertsraave subsequently been sold to others. One
such tract is owned by Kent Nelson of Sahalla Adtizal Properties (SAP) near Hilo. Prudential
Timber (now Hancock) planted some 30,000 acresrofiér sugar cane lands between 1996 and 2002
with E. grandis The largest tract of this plantation is on thertdua coast. Timber has been utilized
from Sahalla and from the DOFAW Hoea tract on tlaendkua Coast for the manufacturing trials. A
very small quantity was also processed from thecdek plantation.

1.1 Plantation Saligna

Field trials began in late 2005 at SAP above Hilbich contains plantation saligna and robusta. tKen
Nelson and Paul Taylor of Taylor Enterprises IT&Ij were both interested in trying to develop
markets from this timber. TEI has a Wood-Mizer LO gbrtable sawmill, a Caterpillar Skid Steer and
several other pieces of machinery. Three treestal for trial processing had butt diameters &6f 18
20" and 21" (Appendix B, Table 2-1). The trees wigléed and then bucked into 10 foot segments.
Each tree yielded about 10 log segments. The e&t vias as follows:

Logs: 3,200 bf (International Scale)
Green Lumber: 3,887 bf
Yield ratio: 1.21

Log segments

Splittingnsegt 0101

Paul Taylor of TEI Timber stand in background

The rough green lumber was held in air dry forrthatSAP site for three months. Air-drying was not
proceeding well at that elevation (2,000 ft) andhia wet conditions. All lumber was moved to
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Brauner Mill Works in Hilo for further air dryingral eventually for kiln drying and surfacing. The
net results of the yield from this trial are sumized in Appendix C-2. A small shrinkage trial was
conducted revealing 4.17% shrinkage on sap woo®@a%o shrinkage on heart wood. The samples
were air dried over a period of nearly one yeartieg achieved a moisture content of 12%.

1.2 Hamakua Coast Mature Saligna

In April of 2006, the Division of Forestry and Wiiliee (DOFAW) felled a number of sizeable
Eucalyptus Saligna trees in a timber falling exaciA similar exercise had been conducted twosyear
previously in an adjacent area. Both newly feliedber and two year old downed timber were utilized
during the processing trials. This timber was maslable to MHH for the purposes of this study.

50" diameter on the stump.

Hoea area

Paul Taylor and TEI were commissioned to do thegssing. Jacobson Trucking and Logging was
contracted to do the skidding and loading of loB®uble D Services was contracted for hauling and
HIH was contracted to provide a site for log steragd sawmilling. This site is on property assediat
with the former Pepe’ekeo Sugar Company and its/iging power plant that has been known as the
North Hilo Power Company. Pacific Rim Energy Parsn@REP) is the current owner of the power
plant and the 26 acre site is owned by ContindPagific Company. Skidding and loading was
conducted using a John Deere rubber tired skiduaaCaterpillar 977 front end loader. Initial
deliveries utilized David Jacobson’s 10 ton trudhis proved to be awkward and potentially
dangerous. Subsequent shipments utilized Doublerisic®s dumping containers.

Loaded dumping container — D&D

lid

First deliv
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ping at the mill site. Noticeable splitting
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1.2.1 SlicecE. salignaveneer - Hoea

One container of high grade veneer logs from theaHte was shipped to M. Bohlke Veneers in
Fairfield, Ohio for slicing. Most logs were pre-lixed by the DOFAW trainees and the most prevalent
length was 20’-6". There are good and bad feattr@9’ logs. The good is that it made for a petrfec
fit in the dumping containers. The bad is thatlrger logs are extremely heavy and the knot
structure does not always fall in 10’ and 20’ imaents. Shipment of logs to Ohio could only be done
in 20’ and 40’ containers. The 25’ boxes are lotnged on the railroad in that area. The net inside
length for a 20’ container is about 19'. Therefdhe veneer logs had to be cut back to 18-6".

“H” Clips were driven into the logs to retard sphy. Anchor Seal end wax was applied on both ends
of the logs. All higher grade logs were also codesith shade cloth. Seven logs made “the grade” for
the veneer trial. The logs left Pepe’ekeo in #eoad week of July. They were received in Ohio in
early August and sliced in mid-August. During thp the logs went by ship from Hilo to Long

Beach, CA and by rail to Ohio. During the trarisgé mainland was experiencing record heat waves.
Nonetheless, the condition of the logs was virtuaéntical in Ohio as it was when it left Hawaii.

i

- P S R PR S5 2 G ¥ e ST -~ ‘t‘ = .u ) ik ';'
Loaded container at Pepe’ekeo Container at M.Bohlke veneer - O

Initial market reaction to the E. Saligna venees been cool. The veneer is stable and attractigde an
the product behaves well in over-wrapping on mawgdi The veneer, however, exhibits a rather
neutral coloration with a pinkish to “salmonish”éht’he wood does not display significant character
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or figure. An additional trial was made on wragpthe veneer onto a pine base moulding. This was
done at Contact Lumber in Prineville, Oregon.

Finger jointed Architectural Mouldiné with E. Satig Face

The veneer strips were finger jointed into a role roll of veneer was then backed with a fleetke
fleece-backed veneer was then over-wrapped ontmarfjointed pine core. The photo above shows
the face of the moulding, the back of the mouldagample of the fleece (a polyester cloth) and a
small roll of fleece-backed veneer. Individual kpglds and shipping and processing analyses are
presented in Appendix B, Tables 3 and 4.

The overall yield result was:

Logs: 3,720 bf

Veneer: 108,238 sf

Cost: $17,548

Unit cost: $0.16 / sf random width
1.2.2 Sawn Saligna Lumber - Hoea

A total of 57,740 board feet of logs were removenif the Hoea stand on the Hamakua coast.
Approximately 14,000 board feet were tracked aralyaed for this study, while the remaining wood
was purchased by Hawaii Island Hardwoods LLC. Iddls were numbered and the identity was
painted on the ends of the logs. Log scaling veaslacted by DOFAW staff. For transportation
efficiency, all logs were loaded and hauled wittiia same short time frame. Due to limitationshia t
manufacturing capacity of a Wood Mizer LT 40 poleakaw mill, an imbalance of inventory versus
production resulted, causing a significant degffeslegradation in some of the logs at the exposed
low-elevation landing.

Anchor Seal end wax was applied to all log endbemill site. Some logs received “H” clips driven
across end splits. The logs that had been I¢ftarforest for two years did not display a highréeg

of splitting while on the forest floor. These salogs, did, however, begin to split after skidding,
hauling and unloading at the mill site. Some @ #ubsequent splitting could have resulted froen th
handling and some could be the result of a mora egposure to sunlight and the lack of shade that
the surrounding forest had afforded in the pastad® cloth has been utilized on a large degreleof t

10
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mill inventory. The shade cloth tends to reducedapmoisture loss from direct and intense sunlight
and airflow. Ideally, logs should be processed atgreen product form as soon as possible -
preferably within one week. Some of the logs werelarge in diameter to fit onto the Wood Mizer.
Eventually, the largest logs were “quartered” vatbhain saw. The “quartering” tended to follow the
larger and longer splits. The quartering shouldehaeen done earlier because splitting tended to be
reduced after the stress had been relieved.

Even though significant end-splitting occurred, libgs can be and were processed into lumber by
cutting along the splits or by edging the resultungber into narrower widths. It is not uncomman o
the eucalyptus for one split to run the entire thrgf the logs. This is believed to be a strelsfre
event that is caused by the fast growth rate dfelspecies. Additional end-splitting appears to be
more localized and does not tend to transmit muckerthan one or two feet into the log.

Considerable care was taken in handling the resustawn lumber from these logs. Sawn boards
were immediately placed into storage piles witlm lsticks inserted in each row. Units of lumberaver
initially restrained with plastic strapping anddidere placed on the top of each exposed unitat th
end of the day’s production. Eucalyptus appeadidplay a certain degree of plasticity that allows
restrained wood to assume the configuration thdéssred. Some additional splitting and warping
was experienced on the ends of the lumber butuhedsf the board retains solidity.

Logs in storage yad ‘ Sawn lumber

Saligna lumber was processed into flooring blarik®edio’s Millwork. The input volume was 6,800
board feet. The production of flooring blanks isnsnarized below.

Gross kiln dried lumber input: 9,330 bf
Moulded flooring pattern 2-1/4” 9,848 If
2,052 bf
Moulded flooring pattern 3-1/4” 13,894 If
4,052 bf
Net untrimmed flooring 6,104 bf
Yield 65.4%
Trim loss 22.8%
Final yield of trimmed flooring 47%

11
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Unfinished flooring in process displays a mixtufelear and the occasional knot. The following
photos display E. saligna in process at Bello’dwhbirk in Wahiawa.

A

Ripped board exiting Mereern Johnson Ripped t@xiting Mereern Johnson gang
Dip Chain gang saw

Ripped board yielding one 2-/4 and one 3-3/4

3fl@ydring boards

12
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1.3 Plantation Grandis from Hancock Plantationfentiamakua Coast

A small trial was conducted on 10 year old plaotat. grandis from the Hancock Plantation. This
trial was comprised of the butt logs only from i€ets. The butt logs were 10 feet in length and
averaged approximately 12” in top diameter. Nihthe segments were sawn and tallied. The nine
logs represented 55 board feet each in log saatler(lational -1/4”) for a total of 495 board feet.
Considerable splitting occurred at the time of sawiThe lumber was placed into air drying and was
not taken to market. A portion of the wood was s&w#8/4 thickness (120 board feet) and the bulk of
the lumber was sawn to 4/4 thickness (350 boa). f8amples of the 9/4 will be shipped to the Fores
Products Laboratory in Richmond, California foresigth testing.

When comparing the trials on SAR salignaand Plantation Grandis from the Hancock Plantaiion
was clear that smaller and faster grown eucalyisthgghly prone to rapid splitting. The wood from
these younger and smaller trees displayed lighirdbkt was softer than the more mature wood from
larger and older trees. The resulting lumber wid oForest Solutions Inc. Lumber yields were
comparable to those from the SAP.

Hancock Plantation Logs in inventory at the prodegsite

The following photos display the effect of the stes in the juvenile wood from the plantation.

Plantation grandis center cant lifting up vﬁaboarlftig away from the parent can -

from the sawmill bed plates

13
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2. Eucalyptus Robusta

Eucalyptus Robusta logs were acquired from a hoteensar Ahualoa on the Hamakua Coast. The
timber displayed similarities in size and qualiiythat observed on State lands in the same region.
This timber became available through the loggingtraxtor, David Jacobson of Jacobson Trucking
and Logging of Kea’au, Hawaii.

The log sizes ranged from 12” to 30” in diametlEliH acquired approximately 11,718 board feet of
logs from Jacobson. Production from this timbetded 12,742 board feet of lumber in mixed sizes.
The overall recovery ratio was 1.09 board feeuaiber per board foot of log scale on the
International 1/4 “ rule. Detailed yield data fraheE. robustaprocessing are summarized in
Appendix B.

The species generally exhibits a superior reddistvib color and character. The source wood for this
project was of a lighter color than usual. The @sion of 2,520 bf to flooring yielded 1,512 lineal
feet of untrimmed 2-1/4” and 4,605 lineal feet atnimmed 3-1/4” product. The input lumber was
predominantly from 9” wide boards. The net yieléigpected to experience an additional fall down of
about 20%.

Summary results for Robusta flooring:

Rough dry lumber: 2,686 bf

Moulded flooring pattern: (2-1/4") 1,512 If
315 bf

Moulded flooring pattern: (3-1/4") 4,605 If
1,343 bf

Total moulded blanks 1,656 bf
Net yield 61.7%
Trim loss 22.8%
Final yield of trimmed flooring from original lumbéput 48%

Additional trials on Erobusta(sourced from private lands and from the Boy S€@arhp at Honokaa,
provided the following statistical results.
» Atrial on 1x6 exterior decking:
o 2,000 board feet input. Special cut and sortedbatit30% of log input.
o Sawn for 16 foot lengths and air dried for one rhaartd then kiln dried in a Nyle
dehumidification kiln using adjustable cargo strapkeep the lumber in line.
0 932 lineal feet of select deck (466 board feet)d &b $1.95/ lineal foot
0 1,120 board feet of narrow select.
0 Netyield = 1,586 or 76% of select input
* Atrial on random width 4/4 (rough dry input).
o 3,352 bf input.
0 Select grade (no more than two small tight knotsdyoard) S2S = 935 ft.
o T & G Flooring:
= 2-1/4" =493 ft
= 3-1/4" =900 ft
All trials have reinforced the observations that:

14
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* logs should be processed into lumber as quicklyoasible after timber falling,

* lumber needs to be carefully stacked with kilnkstim precise alignment,

» restraints are important (weight on top or adjustalraps),

* lids on top of exposed air drying loads help redsundace checking and cupping.

15
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3. Tropical Ash
Tropical ash timber was obtained from DOFAW viaad maintenance operation along Blair Road,

in the Laupahoehoe Section of Hilo Forest Resefas timber was relatively mature and displayed
good stability in processing. It is a light coldr&ood but one that proves to be easily acceptéukin
cabinetry and paneling market segments in Hawihiere is a definite market for this species when
the tree sizes are similar to those in this tBaitt diameters for the trees harvested for thé taiaged
from 11" to 21".

Test results on Tropical Ash were:

Logs: 1,700 bf
Green lumber: 2,300 bf
Finished lumber: 1,748 sf

Average sales realization:  $3.38 per sf

Tropical ash processing costs and yield data arererized in Appendix B.

Tree number 2 with Rough dry lumber at Brauner

Bob Otomo of DOFAW
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e

Straight line rip saw at Brauner Millworks

Select grade boards

1. Toona ciliata (Australian Red Cedar) - Toon

Though Toona ciliata — Australian Red Cedar — tsantoue cedar, it does in fact display many tyjpica
cedar features. The wood is not as hard as thaygais but it possesses much more stability in the
green state. Toon develops a pleasant darkeratmorand it is very easy to work with. There is
some splitting during logging but it is far lessuthwhat was experienced with the Saligna and
Robusta. There is virtually no splitting in logsdar than 18” in butt diameter even after being in
storage for several months.

The original budget called for approximately 2,%@@rd feet of Toon to be processed during the
project. The site for the most representativedstznroon was found to be in the Waiakea forest
south of Hilo. Access to this site was from “L daBecause D&D services could not take their
dump containers directly to the felling site, amilikidding scenario comprising a one-mile, 300-
foot rise over wet and rough ground was requirgdis scenario also necessitated that Jacobson
Trucking and Logging employ the use of their FM@sler.
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Stump view of Toon tree number one Loading D&D with Jacobson’s FMC

The Toon was processed into heavy 8/4 and 4/4riegdes. The focus on the 8/4 was for 6.5 to 8.25
inch wide lumber for a trial at Bello’s on door skoBello’s Millwork is currently utilizing large
guantities of African Mahogany in the constructafrcustom doors and windows.
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] African Mahogany lefo piees
Toon stock in balaraf unit

Ny 1 k > '_ 3
Outfeed of sawn veneer from frame saw
balaris¢oon

It was interesting to note that the dark red cthat was displayed on the butt cut of tree number o
did not carry over into the sawn lumber. The maesin the log carries the reddish tint but it
dissipates when exposed to the air and light. Wood that has been exposed to the light for some
time will again darken.

Test results on green processing were:

Logs: 3,445
Green lumber: 2,900
Yield ratio: 1.19

5. Manufacturing observations

Manufacturing in Hawaii is currently limited to messing on portable sawing machinery. In this
project all sawing was done on a Wood Mizer poddidrizontal resaw. There is also a limited
capacity for kiln drying, lumber finishing and valadded processing in Hawaii. Brauner Woodworks
was very helpful in the processing of the plantagocalyptus saligna and the tropical ash. Hal
Brauner is very knowledgeable on most all speciddawaii. His operation includes contracted
sawmilling, a resaw, three dehumidification drynkil a straight line rip saw, a planer and a moulder
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Brauner carries a significant inventory and varigtgpecies. ThE. saligna E. robustaand the Toon
volumes from this project were too great to exjgretuner Woodworks to be able to handle this and
their usual business volume simultaneously. Tloeeethe processing of Ho&a saligna E. robusta
andToona ciliatafor this study needed to be processed throughr ¢dcdities, and in some cases
direct sales of green and air dried lumber in tdoall market were required.

Brauner Woodworks operates with a heavy focus @orithg and panel products except where clear
and select lumber can be recovered from the resouBcauner can skip plane kiln dried lumber and
then run it through a straight line rip saw for Hetection and recovery of maximized yield and grad
recovery. Clear and select grade lumber can ledoff of the rip saw and the remaining lumber can
be processed into flooring. No other operator amvéii Island can presently offer this combinatidn o
processing. Brauner is selling flooring and pargfiom E. Robusta and E. Saligna for about $4.15
per square foot. Annual lumber processing is aB&0t000 board feet and flooring and paneling sales
run about 2,000 bf/wk.

HIH was able to establish a relationship with RiesuPlus and with Bello’s Millwork on Oahu for kiln
drying and finishing. Early shipments includededyged flat and quarter sawn lumber. The un-edged
lumber did, however, present a problem in shipjiegrity and waste disposal. The sloped edge or
wane on the edge of the lumber results in taperdthg/along the length of the sawn lumber. This
also manifests irregular lumber widths and incaesiscourse widths. The net result of these feature
is that it is very difficult to keep a unit of lurabtightly strapped during transfer. Most millwork
shops have a real problem with the disposal ofreggishavings, chips and sawdust. Therefore, the
urban processors prefer to purchase edged or e products.

HIH was also able to establish a relationship witldrew Plack to supply lumber in varying sizes for
the construction of a unique building near Pepedekehe net of these relationships was the need to
remove the wane from all lumber production andfeeit sided pieces. Koa Aina Inc. provided a
portable edger to accomplish the production offtlwe-sided lumber.

The primary issue encountered during eucalyptusgaging was the propensity for logs (all sizes) to
split prior to and during processing. The splgtof logs can be heard and seen as soon as atsee h
the ground. Splitting continues when timber isugiat to a processing site and is exacerbated by
being exposed to sunlight. Felled timber that Ibe€n left on the forest floor for two years,
nonetheless, experienced significant splitting lateer elevation with more exposure. It is quite
likely that the handling of logs with the use ofdslers and trucking will also contribute to addiiad
and accelerated splitting.

The stress results in splitting and in some warpageicalyptus lumber. The yield of solid lumber
from the logs is not, however, dramatically affelchs the splitting. This is because it is posstble

cut along the split lines. Most minor splits steghin a foot or two of the end of the log. Onbe't

log has been converted to lumber the stressegilothappear to have been relieved and subsequent
splitting is much less.

A great deal of emphasis was placed upon sawingracg and stabilized lumber stacking during the
trials. Operators at Bello’s Millwork have commeshtlat the sawing accuracy on teeSalignawas
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the best that they had seen from a sawmill operatiddawaii. Initial production was stickered,
strapped and lidded to restrain the lumber anédace weather checking and splitting during air
drying and shipping. Lumber should be stored @latasurface (paved being best) with kiln sticks
being placed as nearly as possible in direct \@réitignment with each other. These measures were
critically important in maximizing lumber yield. rEhor seal end wax was also applied to the ends of
the sawn lumber in an attempt to further dimintsd $plitting effects. Over time, it became more
apparent that strapping of green lumber was nasszey if the units were stacked straight and the
unit separation bolsters were kept properly aligwét a row of stickers. Once properly dried,
eucalyptus lumber exhibits great strength and ltgbiter manufacturing.

It is not unreasonable to expect significant doalhdn eucalyptus from tree to finished product. A
fall down or trim loss factor including losses doestress related defects in the range of 10% % 15
from log to dry lumber would appear to be apprdpria

Both the Ash and Toon appear to have better dirnaatstability than the eucalypts in initial
processing and are very easy to work with. Eucak/p a much harder and denser wood that lends
itself particularly well to hardwood flooring. Sitar eucalyptus species are used in furniture
production in Africa and in Australia. Limited proction of custom furniture has taken place in
Hawaii as show in the following photo of a tabledaaf solid sawn wood and sawn Saligna veneer.
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Lumber processing at HIH at Pepe’ekeo

and two sided 4/4 lumber

6. Product Applications

As previously mentioned, procesdedsalignawas delivered to customers on Hawaii Island and on
Oahu. Some 5,000 board feet of kiln dried B/4alignawas surfaced and trimmed by Bello and sold
to Associate Professor Amy Anderson of the Unirgrsi Hawaii at Manoa School of Architecture.
The yield was approximately 50% from kiln dried gbuun-edged lumber to finished 6” widths. A
similar yield is generally experienced in the proion of hardwood flooring. In addition, Mr. Plack
purchased a variety of products and sizes thaerénogn 4/4 boards to 6x10 timbeEs. salignawas

also sold in green form in 2x12 for low-boy traiferoring and some was sold in 6”x6” in 7 foot
lengths for posts for a home foundation. These émmlwere eventually reprocessed into octagonal
configuration and finished with polyurethane.

6.1 University of Hawaii Manoa School of Architect project

Professor Anderson is leading a prototypical deaigh development project at U.H. Manoa that is
focused on the utilization of locally grown specig$singE. salignalumber, this experimental project
is developing Glue-Lam and laminated veneer lunbleams to be used with concurrently developed
home designs that might ultimately be used in g@kehome construction for the State Department of
Hawaii Homelands. Their project and approach ipomates privileged designs of special hardware
for fastening the posts and beams together.Ellsalignadisplays good character and color and
results in a very stable beam.

6.2 Andrew Plack

A large amount of the lumber produced during tregqmt was delivered to Andrew Plack. Some of
the product is being held in air drying on his pdp for future installation. Other products aegriy
used in the first phase development of a storagetste that will be followed by the constructioiheo
house. Eucalyptus will play a key role in the dangtion of both structures.
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Initial framing of post and beam Notched and petygsstening

storage structure

The posts for this structure are from the Sahaflacsnear Hilo, HI. The framing lumber and beams
are from the Hoea stand as sawn at Pepe’ekeo thmeleliH contract.

“The use of Eucalyptus as a forestry product withr@ad range of applications is little
understood outside of their native land of AusttalHawaii is situated in a unique position to
facilitate our own production and use of this méatkr Furthermore, a local market is already
in place but undereducated about usefulness of Igpites. Eucalyptus species in our forest
reserves are naturally termite and fungi resistaBbth Eucalyptus robusta and saligna are
used in other countries for dimensional lumber,Jyyeeonstruction, ply board, laminated
beams, and many other applications. Our local erpee with Eucalyptus Saligna and
Robusta has been enthusiastic. The wood is stramgeharder than many other hardwoods.
The wood may be completely stabilized with a Idog slrying time. Some waste is expressed
in checking and splitting due to

structural fiber mechanics. The remaining wooddurat is very good. It is useful for many
local applications.” Andrew R. Plack

6.3 E.salignaand E.robustaProduct Applications and Marketing Observations

Some saligna stands exhibit a darker reddish ¢b&or others. Numerous stands are a mixture of
saligna and grandis. The tow species are difftecuttistinguish from each other. A study of leaf
characteristics is required. Younger stands ofsalexhibit a lighter color and a somewhat salmon
like shade. The wood can be stained and it takies owodification well. Darker woods are more
readily marketed for flooring, trim and mouldingsile the lighter colors work better in cabinetry.
E. robustais readily accepted for flooring and trim and ipeprs that it may have good potential for
exterior decking.
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Mouldings for a fireplace Experimental Robustck
(Center and edge boards with decies)
(Small piece of Ipe decking for caripon)

Crown Moulding, Casements and Floor Moulding at ¥daRoad Office Building - Kona

7. Conclusions:

The primary focus of processing the Eucalyptusk&ssn on solid lumber products from larger and
older trees. This is based upon the assumptiornittisasomething that can be accomplished in Hawaii
with lower capital expenditure equipment and theuagption that the yield from timber susceptible to
splitting will be higher into solid lumber produdtsan into veneer.

All of the Tropical Ash was sold quickly after bgiprocessed into a semi-finished form. Most of the
ash wood went into paneling, while a portion wascpssed into flooring. The largest volume of
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wood processed wd&s Saligna with a majority used as described above. Tharua of the material
was processed into flooring and millwork. The &rgreen thickness for eucalyptus was heavily
influenced toward hardwood flooring with a finishigackness of 7/8”. The net result is that the
recovery ratio is in the range of 1.10 board féajreen lumber per 1.00 board feet of log scal¢éhen
International %" rule.

Toon displays great color and the highest stahilitsing the drying process, and will be marketed in
the millwork and paneling market segments. Ov8raitheE. Robustéhas also gone to Mr. Plack’s
construction project. The net yield &nRobustas similar to that fronk. Saligna Both Hal Brauner
of Brauner Woodworks and Eric Bello of Bello’s Milbrk predict net yields of flooring to be in the
range of 50% of log scale.

Sales, marketing and utilization of the speciedistlihave been hampered by the lack of
infrastructure on Hawaii Island at this time. Bvaspect of the wood business is more expensive in
Hawaii than it is on the US mainland or in otheurwies due to several factors:

Higher fuel and energy prices.

Rough and unimproved forest roads.
Mountainous terrain.

Higher labor rates.

Higher worker compensation insurance costs.
Lack of infrastructure and by-product options.

~PQo0 Ty

Several opportunities balance against such disadges:

Rapid growth rates of timber.

High degree of renewability.

Superior appearance and structural qualities ofvibwad.

A high degree of potential customer interest armkptance to locally grown and processed
wood.

e. A current imbalance of timber inventory over prcgeg capacity.

cooy

It is apparent that vertical integration and a clatgcommitment to processing from stump to final
customer is far more important in Hawaii than innpather parts of the world. This comes about as
a result of the currently limited scale and captdlon of logging, milling, drying and finishingn
many places there will be a wide choice of contlagtiers, custom milling, custom drying and value
adding businesses. While some of these existerfamm or another in Hawalii, there are not a
significant number of choices and none match therg@l market or the potential resource base.

Acceptance of most of the products from this priojes been quite good. The timing of the study
compared to the availability of processing hastiaehithe amount of final product acceptance data tha
had been hoped for from the outset. The peoplehvalve been involved in the processing have all
been impressed with the appearance of these sp&besiltimate placement of the products into the
market should confirm the theory that larger disanand darker colored hardwoods from eucalyptus
and toon will be marketable in Hawaii and abroad.
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C. Structural Properties of Tested Species
1. Introduction

The growing interest in producing products fromalo@sources for local markets has emphasizedeée to
not only understand the local markets but to atstetstand the properties and characteristics dbtted
resources. This is of particular interest in Hawagre many non-native species where planted aniihcernto
be planted for both investment and land restoratamy of the species found to grow well in the Haan
Islands are derived from Australia. Some of thesecammercial species that are well known in Alistraith
well documented growth characteristics and woogenies. Table 1 summarizes information on the
properties of some Hawaiian grown woods compiledifthe published literature. However, the questiar
needs answered is if the properties determined frees grown in Australia reliably represent theparties of
trees grown in Hawaii. Although a few studies wesaducted with Hawaiian woods about 40 years ago th
results were based on small sample sizes on treesng under different conditions that are fountbitoday’s
forests. The same question applies; are the vadliable today?

Table 1. Selected mechanical properties of a few Hawaiian-grown woods found reported in the literature.
Commo Species R Densi MO MO Comp- Sh
n Name ef. ty R E ression ear

# (g/cm (psi (il paralle (ps
3at ) on | to i)
12% psi) grain)
MC) (psi)
Rose E. 2, 0.69 15,9 2.189 8,598 1,8
Gum grandis 3, 65 87
4,
6
Swamp E. 3, 0.80 14,1 2.014 7,783 1,9
Mahoga robusta 4, 24 00
ny 6,
7,
8
Sydney E. 1, 0.75 16,5 2.351 9,425 2,0
Blue saligna 2, 12 37
Gum 3,
4,
6,
-
Toon Toona 1, 0.47 9,27 1.204 5,326 1,3
sp.(also 2, 7 78
includes 3,
Cedrela 4,
sp) 5,
6
Tropical Fraxinu 4, 0.58 12,1 1.606 6,672 1,6
Ash s uhdei 6 28 97
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Ref. # List of References (Ref #) for Table 1

1 Welch, M.B. 1923. Notes on Strength of Timberghwist of Transverse Tests
on Specimens in the Technological Museum. Bulletin13 Sydney

2 Wallis, Norman K. 1956. Australian Timber Handkodhe Timber
Development Association of Australia

3 Bootle, Keith R. 1983. Wood in Australia Typespperties and Uses.
Sydney

4 Keating, W.G. and Elanor Bolza. 1982. CharadiessProperties, and Uses of
Timbers from South East Asia, Northern Australiad ¢he Pacific. Vol. 1.
Sydney

5 Chudnoff, Martin. 1984. Tropical Timbers of theoM. USDA Agricultural
Handbook 607.

6 Skolmen, Roger G. 1974. Some Woods of Hawaii..p@ries and uses of 16
commercial species. USDA Forest Service generdhiieal Report PSW-8

7 Jaakko Poyry Consulting. 1999. Market Researc@@mmaodity Wood
Products from 8 Non-Native, Hawaiian Grown Timbee&es. Unpublished.

8 Skolmen, Roger G. 1963. Robusta Eucalyptus witgdgdroperties and uses.
USDA Forest Service general Technical Report PSW-9

9 Skolmen, Roger G. 1972. Specific gravity variatio robusta eucalyptus
grown in Hawaii. USDA Forest Service general TechhReport PSW-78

10 Wood Handbook: Wood as an engineering mater@8l9. USDA Forest

Service General Technical Report FPL-GTR-113

2. Objectives

This project was initiated to determine the wooadlperties of five species growing in Hawaii that are
considered good candidates for local wood marRéts.species selected d&acalyptus grandiEucalyptus
robustg Eucalyptus salignaloona ciliate (toon)andFraxinus uhdei (tropical ash)rhese species are thought
to occur in sufficient volume to support a localrked, the eucalyptus species are thought to havende
woodworking and structural use properties, anddba and tropical ash are thought to have desirable
woodworking properties.

Wood density, bending strength, and bending ssS8neere selected as the three wood properties to
characterize each species. Wood density was cliesswuse it is physical property that is very wetrelated
to all other wood properties and it is a well knoganeral rule that woods of the similar densityehsimilar
properties. Of course there are exceptions, wisiethy other properties also need to be tested diBgn
strength and bending stiffness are two mechanroglgsties that are derived from the standard beidist.
The bending test measures a complicated interacfioompression, tension, and shear forces. Thiemthe
bending test a good predictor of other these attehanical properties. To complete the evaluatfdhase
species two other properties, hardness and madlityalvill be completed at a later date with trense
specimens used in the bending test.

3. Methods.

Specimen Preparation — The specimen material wagss$tad, milled to rough test dimensions, and gidyti
air-dried by Hawaii Island Hardwoods LLC. All ofdtirees selected for harvest were near Hilo, Hi;sipecific
location is stated in Table 2. Multiple diametensl gites were sampled as described in Table 2. tteehvas
milled into lumber and the specimens of each sgesatected for testing were chosen from the lumber
produced. Only onk. grandistree was selected for testing. The 24 specimeks mfbustarepresented a
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sample population of 50 trees; theR4salignaspecimens represented 90 trees; thErdRinus uhde(tropical
ash) specimens represented 4 trees; and thie@4a cilata(Toon) specimens represented 18 trees.

Table 2. Selection criteria for the species and specimens selected for testing
Species Number num. trees X Location of Number of
of Trees num. diameter groups Sites Specimens for
Harvested X num. sites Testing
Hamakua
. Coast —
E. grandis 1 1x1x1 Prudential 4
Plantation
E. robusta 50 5x5x 2 Ahualoa 24
Hamakua
E. saligna 90 6x5x3 Coast — Hoea 24
tract
Fraxinus 4 2x2x1 Blair Road 12
uhdei
Waiakea
Toona 18 3x3x2 Timber 24
ciliata Management
Area

The specimens chosen for testing were rough midideingths of 48 inches with a square cross sectfi@z x
2 Y% inches (Figure 1). These were slowly air dt@d moisture content of about 30% (Figure 2) et
shipped to the University of California Forest Rrots Laboratory in Richmond, CA for final specimen
preparation and testing. The rough-milled specimesr® placed in a controlled environment room doad/ly
dried to an equilibrium moisture content of 12%e&8mens were then milled to final dimensions of2x30
inches (Figure 3).

hoto b Jim Quinn
Figure 1. Rough-sawn specimens.
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e ;.

“photo by Jim Quinn
Figure 2. Specimens in air-drying yard.

Figure 3. Specimen milled to final dimensions.
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Each specimen was closely examined for defectoatydclear wood specimens selected for the tefsts. |
defects were present that would interfere withtéfs¢ results than the 2 x 2 specimen was milletealternate
size of 1 x 1 x 16 inch. Testing followed the sfieations defined in ASTM Standard D 143 — 94, 8t
Test Methods for Small Clear Specimens of TimbEne bending tests were conducted on a Baldwinéssal

Testing Machine (Figure 4).

-

Figure 4. Test specimen placed in the bendingitesf the Baldwin Universal Testing Machine
Properties Tested — The ASTM standard methods ussé to determine the following standard mechanical
properties of each of the five selected species.

* Bending Strength (Modulus of Rupture or MOR)

» Bending Stiffness (Modulus of Elasticity or MOE)
» Density at 12% moisture content
» Specific Gravity on an oven-dry mass and oven-aidyme basis

The mechanical property of hardness and the pHysioperties of dimensional change and machinghlitl
be determined from the same specimens at a later da

! Annual Book of ASTM Standards 2006. Section Four, Construction. Volume 04.10, Wood. American Society for Testing
and Materials. West Conshohocken, PA.
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4. Results
The results of the bending test are presented hielGable 3.

Table 3. Summary of Wood Properties from the Begn@lests.

Species Specific Density at MOE (psi) MOR (psi)
Gravity 12% test MC
(g/cnT)
E. gtfr:‘éj's 0.39 0.419 1,393,766 9,072
dov 5 (0.09) (.091) (575,643) (2,351)
E. ;?ab#;ta 0.64 0.672 2.128,631 14,262
dov 5 (0.06) (0.06) (565,643) (2,863)
E. Sstaa':]g d”a 0.84 0.875 2.892,496 19,672
vk (0.11) (0.11) (718,534) (4,209)
Eﬁg{‘“s 0.55 0.586 1,388,697 12,019
[ Stand. (0.04) (0.04) (203,254) (1,959)
Ii(;g?ea 0.44 0.47 1,475.921 11,210
(tand. (0.04) (0.05) (226,294) (1,679)

E. grandis — The average specific gravity of 0.39 and density28 MC of 0.42 g/crthare significantly lower
than the values previously reported in the liteatiihe bending test values of 1.39 million psidtifness
(MOE) and 9,072 psi for strength (MOR) are alsthimrange expected for wood with a specific graefty
0.39. However these MOE and MOR values are sigiflg lower than previously reported, by 36% an@o43
respectfully.

E. robusta — The average specific gravity of 0.64 and density28 MC of 0.67 g/crhare significantly lower
than the values previously reported in the litematihe bending test values of 2.13 million psidtiffness
(MOE) and 14,262 psi for strength (MOR) are slightigher than the range expected for wood withexi$ia
gravity of 0.64. These MOE and MOR values are highan previously reported, b y 6% and 1% respégtfu
E. saligna — The average specific gravity of 0.84 and dersit}2% MC of 0.87 g/cfrare significantly higher
than the values previously reported in the litamatihe bending test values of 2.89 million psidtiffness
(MOE) and 19,672 psi for strength (MOR) are alsghbr than the range expected for wood with a sigecif
gravity of 0.84. These MOE and MOR values are highan previously reported, by 23% and 19%
respectfully.

Fraxinus uhdei — The average specific gravity of 0.55 and deraity2% MC of 0.59 g/cirare very similar to
the values previously reported in the literaturiee Bending test values of 1.39 million psi forfagks (MOE)
and 12,090 psi for strength (MOR) are also in #rge expected for wood with a specific gravity &H0
However, these MOE and MOR values are lower thawipusly reported, by 13% and 1% respectfully.
Toona ciliate— The average specific gravity of 0.44 and deratit}y2% MC of 0.47 g/cirare significantly
lower than the values previously reported in ttexditure. The bending test values of 1.47 millisnfor
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stiffness (MOE) and 11,210 psi for strength (MOR) kigher than the range expected for wood withexi§ic
gravity of 0.44. Also, these MOE and MOR valuessagaificantly greater than previously reported,23%6
and 21% respectfully.

5. Conclusions

The results emphasize the importance of confirmingd properties of new resources. Although valdes o
various properties may exist in the literatureitifience of different growing conditions and geaetariation
may have major effects on the properties that daomagnored. All of the five species tested irs thioject
showed such variation in at least one property.

The two species that had properties most similaregiously published values welte robustaandFraxinus
uhdei Although theE. robustawas found to have a density about 22% lower thardensity reported in the
literature, the values for bending strength (MORY atiffness (MOE) were very similar to reportedues. The
Fraxinus uhdei showed slightly lower bending siffa than expected but the other properties weyesimilar
to previously reported values. These discrepanithsthe previous studies cannot be adequatelyagxgdl
without a detailed analysis of old data that idormer available.

TheToona ciliateand theE. salignatested in this study performed better than preslippublished values. The
Toona ciliatewas only slighty greater in strength and stiffbastheE. salignawas significantly denser (12%
greater), stronger (19% greater), and stiffer (2B&ater) than specimens previously tested.

The plantation growiucalyptus grandisested in this project was found to be about 40#el in strength
(MOR) and stiffness (MOE) than previously reporttlies for the species. This result emphasizes the
importance of understanding the characteristiqgdanitation grown trees that are often selectedfecific
genetic traits. For example, trees selected fdrdiamving fiber often have high percentages of juleewood
that is known to have lower than expected strepgiberties.

As a comparison, consider Douglas-fiseudotsuga menzidsiwhich is known as a benchmark species for
structural uses of wood. The average MOR for Da#§las 12,400 psi at 12% MC and the MOE is 1.95
million psi. TheE. robustasampled in this project has values in these twopkeperties about 10% greater
than Douglas-fir values. THe. salignasampled in this project is about 50% stronger aiffeéisthan Douglas-
fir. The other three species had strength andhesf values lower than Douglas-fir. The more tlaaorable
comparison oE. robustaandE. salignawith Douglas-fir provide strong evidence that ¢héso eucalyptus
species will perform well in structural uses.

In summaryE. robustaandE. salignaexhibit properties that are very favorable foustural uses. The clear
wood values for strength and stiffness documentehis report can be used to determine buildinggtles
values that exceed the design values of Douglad-firsimilar grade. On the basis of this projecaxinus
uhdej andToona cilatecould be recommended for structural uses butweayd be inferior in the use to the
benchmark Douglas-fir. The clear wood values doguatkin this report could also be used to devekxpgh
values for these species. The values documentidasineport for E. grandis are based on too snfallsample
size to be reliable and should not be used folgdeghlue calculations. Without further study, thenpationE.
grandiscannot be recommended for any structural usesamdstiould be taken for any solid wood use of the
species until more is known about it.
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D. Design.

The current absence of supporting infrastructuceraarkets for lumber processing byproducts makes
mill design more challenging in Hawaii than on thainland. One of the greatest challenges to the
establishment of a significant processing operatiddawaii has been the lack of committed resource
supply in sufficient magnitude to justify the cabiexpenditures for equipment such as described
above. Sufficient timber exists to justify sucki@stments in forest stands such as the State’skééia
and Hamakua forests, the Kamehameha Schools Hondorest and in a variety of private
ownerships. These stands all contain tree sizsabuld lend themselves well to a vertical band mi
and traveling carriage type of primary breakdowstem. Lumber products could also be derived
from the younger plantation stands when the trek&gae butt diameters in excess of 16”.

All timber stands will contain a mixture of sizefstiees. This has presented yet another challange
equipment selections. With the coming of chippahants, bio-mass power plants and possibly rotary
veneer operations, alternative markets for smdimneter logs is no longer beyond the realm of
reason. Nonetheless, it should be possible tallrgimpetitively efficient operations when timber
supplies can be brought under contract to jushiéydapital investments.

In all sizes of eucalyptus it is important to pres¢he logs as soon possible after logging andtthen
turn the log as rapidly as possible during sawigrder to equalize or neutralize the stresses. In
smaller logs, which have the greatest internakses, a preferred approach might be to make the
initial pass through a set of vertical twin bandisdoften referred to as a “scragg” mill). In larg

logs it is just as effective to utilize a more centional vertical band saw with a traveling careiamnd

a hefty log turner. A vertical band mill also afls the sawyer with the best opportunity to visuall
assess the quality of the log and make the begtides on subsequent orientation and cutting of the
log.

The design of a wood processing facility needsetptoperly aligned to match the available resource
to the target market with an operating efficientgttcan deliver the product to the market at a
competitively advantageous price. The marketdoniture and millwork grade lumber is dictated
primarily by the landed cost of suitable productsrf the mainland or abroad. Select grades are going
to run in the range of $3.00 to $8.00 per board kidla dried and surfaced. Flooring prices will ine

the range of $4.00 to $7.00 per square foot witlyde and groove. Common grades with tight knots
and good character can bring prices in the ran@2®0 per board foot air drieflhese price ranges

are based upon wholesale pricing levels as puldiblgeHardwood Review and field input from
Hawaiian market participants.
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The following costs were applicable for the nonhratspecies evaluated in this study, and represent
current market conditions in Hawaii:

ltem Cost per board foot
Stumpage $0.20 to $0.40
Logging and log delivery to mill $0.70 to $0.90
Milling/manufacturing (see note below) $0.40 to6ED.
Lumber drying $0.30 to $1.00
Total $1.60 to $2.90

Manufacturing costs from a sawmill would need tadian the range per board foot stated above in
order to insure a profit on the total mix of prottuafter finishing. The trials in this project uéigd in
manufacturing costs of approximately $0.80 per thdaot (corresponding to production rates of
approximately 100 board feet per hour) due to scafficiencies. The trial utilized a small Wood
Mizer LT 40 portable band saw with a 1” wide sawdd and a portable edger. The edger was limited
to processing only 4/4 lumber due to the lack ofi@ocompared to the hardness of the wood.

There are no automated handling systems for rauglhér processing and in Hawaii at this time. This
means that all lumber is being stacked manualli gtickers being inserted manually to provide the
air passages for proper drying. The un-stackiregdse manual. A competitive mill will need to
include extensive mechanization of lumber handéiagvell as the utilization of properly sized

sawing, edging and finishing equipment. Full ssa@mills on the mainland and in other parts of the
world generally utilize large vertical band saws$ha80” to 40” drive wheels and saw blades that are
in the range of 4” to 8” in width. These sizedahd mills require considerable infrastructure
including sizeable foundations. Such designs arg gapital intensive and they require large
throughput production volumes. A typical compgétmainland hardwood mill will produce in
excess of 10,000,000 board feet per year.

Large log band mills and rail-mounted carriagescaige typical in the industry. These types ofisil
also possess the necessary support equipment padexce for the tensioning and sharpening of the
large saw blades. Such facilities (filing roomg)resent a need for significant volumes of woodeo b
processed to justify the capital expense and #férgg for proper saw maintenance.

Between the large log mills and the portable naitis a host of smaller to mid ranged equipment
options. Heartwood Company produces a more powaofuble cut (the saw can cut in both
directions of movement) horizontal band mill. Hamtal mills do not lend themselves as well toward
sawyer visibility of the opened faces of the logl éimey tend to be less efficient in turning thesldéor

the next cut. Sanborn has produced a semi-portittiel double cut band mill that shows great
potential for sawyer visualization and log handlmg the field reports on feed speed and mechanical
upkeep have not been positive.

There has been a proliferation of small portahieleiband saws for limited scale use in recentsear
This trend has come about from the desire to redapgal costs in smaller capacity mill installai$o
Hawaii has been a natural fit for these types dismiThe use of small circle saw mills has some
advantages but many disadvantages. The primagnéalye is the ability to quarter saw for grade.
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The disadvantages included slow sawing speeddgelimvidths of cants or flitches, and heavy kerfs.
The narrow and thin blades on Wood Mizer type miésults in reduced kerf but limits the speed of
cut. They also become susceptible to inaccuracynwine blades begin to dull, when feeds speeds are
too high or when logs display inconsistent hardness

This study has focused on trying to find a path ¥hauld land in between the high capital cost and
high capacity band mills and the low capital cost bow capacity portable mills. Attention was also
directed toward the issue of avoiding the capixglemditures that are required for full scale filing
rooms. There are processing devices that faletwben these extremes. Such equipment will not be
portable but it will not require as much infrastiwe and foundation support as the more converitiona
large mills.

Portable mills produce lumber at a rate of appratety 1,000 to 4,000 board feet per day depending
upon the species and size and shape of the loggheHproduction mills will produce in excess of
50,000 board feet per day. Based upon a net of\20K days per year, these two contrasting
configurations represent 200,000 board feet per gec 10,000,000 board feet per year respectively.
When considered together, currently existing timbeentories on Hawaii Island and local wood
marketing potential appear to favor mill capacitiest fall in the range of 2,000,000 to 5,000,000
board feet per year.
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1. Sawmill Design
Brewco Inc. fittp://www.brewcoinc.comis one supplier of equipment that conforms ts thid range

of operations. Brewco band mills have 2” wide leladnd can be used in either a vertical or
horizontal configuration. Feed speeds on the atié$ are approximately twice that of a Wood Mizer
and the saws are considerably more stable in transvood densities.

Brewco Vertical Twin Scragg followed by Brewtartical Band Mill

a Brewco Horizontal ProcessiRed Alder at Mrytle Point, OR

BREWCQ

Brewco Resaw with run around system Brewco two saw edger
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Figure D-1

Example Mill Layout
Brewco Inc.

Head Rig

7

Edger 12" —=] P ®

A —
i

- 12’
O?‘ ; 15 Log Infeed

Horizontal Resaw

I®

Two saw Trimmer
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Figure C-1 depicts a mill with three principal maghcenters plus a two saw end trimmer and a green
chain. Typical crewing in this mill would be onerpon per center (4), two on the green chain, one
supplemental utility employee, one lift truck dnmvand one log supply person. Rolling stock would
include a Cat - 966 or equivalent log handler ad@®,800 pound fork lift. The estimated capitaltcos
for the machinery depicted in this diagram is $0,000. Delivery costs and installation are estedat

to cost an additional $1,000,000. This mill desigyuld be capable of producing at least 20,000
board feet of lumber per 8 hour operating daycolild also be operated at 10,000 board feet per day
without the horizontal re-saw.

Recent developments from Wood Mizer include a fikade horizontal resaw (LT-300) capable of
increased production but requiring a central laratEven more recently, Wood Mizer introduced the
AWMV 4250 tilted band mil and carriage. This ma@hwoffers many advantages to higher production
operations with lower capital investment and witimtkerf and narrow blades for less technical saw
maintenance and sharpening.

4250SCH | ¢

The 4250 series is the latest mill in the AWMV line, and it effcient, material handling and the flexibiity to use the 4250SCH as a
continues our tradition of designing machines that maximize profits headrig, a grade saw, a long log saw, or to use it as a stand-alone saw, or
for users. AWMV makes machines that make you maney. This new as a supplemental breakdown line, make the 4250SCH a valuable machine.
saw-head is available in two configurations — both of them designed for
maximum efficiency and profitability. The 4250VH is designed for integration into existing moving carriage
mills, where an upgrade at the saw is required to replace circle saws
The 4250SCH is a complete saw/carriage system. Unlike more traditional or inefficient, high-maintenance bandsaws. The 4250VH can reduce
mills, a standard log carriage - built for AWMV by industry leader kerf, lower power consumption and cost, and lower blade and blade
Cleereman Manufacturing - s stationary, and the slanted thin-kerf maintenance costs. The sum of reduced operating costs, coupled with
sawhead moves back and forth on rails to saw through the log. Fast, higher yields, result in higher profits.

The 4250 series utilizes
effordable, 38-50mm
wide, thin-kerf bandsaw

blades. They are easily and
econamically doctored in-
house with blade maintenance
equipment available from
AWMY, or from our regional
sharpening centers

AWMV.com
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2. Lumber Handling and Finishing

Virtually all lumber processing in Hawaii todayascomplished with hand stacking and the transfer of
the units of product via fork lift to the next pessing station. This is not competitively coseefiive

in comparison to lumber production in other paftthe world where mechanization of lumber
stacking for drying and insertion of divider stidkstween lumber courses is standard. Manual
handling also increases the risks of injury andrdountes to employee fatigue. It is also important

be able to selectively sort lumber by either thass width, length or by grade or quality. The
installation of mechanized stacking and sorting lmarwonnected with a surfacing machine such as a
planer or moulder. Figure C-2 shows a layout dethgt combines, stickering, sorting, stacking and
surfacing.

Figure D-2
Lumber Handling, Sorting and Stacking System

’ PHASE 11

| 76 |

The estimated cost of the equipment for this I:3$300,000. The line would require three employees
The lumber could be delivered to the line and taedeay from the line by the same fork lift that
serves the green chain at the sawmill.
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3. Lumber Drying

Common practice in larger scale lumber operatisrie uise steam to heat the air that flows between
the courses of lumber to remove the moisture floenbbards. This is not the case in Hawaii because
there are limited lumber volumes being processedtiagre are no existing steam generating
operations that lumber operators have been aldedess or invest in. Therefore, the predominant dry
kiln facilities in Hawaii are dehumidification ki#nas depicted in Figure C-3. Dehumidification works
well for hardwood lumber drying. Dehumidificatidnying can be more energy efficient when drying
directly from green lumber as opposed to whentihedler has previously air dried.

The biggest advantage to steam heated kilns camsthe burning of wood wastes such as bark and
sawdust. This “closes the loop” on fiber utilizatiand eliminates disposal issues. Steam heatesl kil
are considerably more expensive to install becatifiee piping and support systems that also
required. Well trained operators with steam heé&texd can perform more adjustments and
corrections in the moisture removal and conditigrstages of the process. Steam heated kilns are
recommended if the volume of production, the sité #he investment capital are all available. An
ideal operation would include a mixture of stearathd and dehumidification kilns.

Figure D-3

-

http://www.nyle.com

Dehumidification kilns can be built to handle lumiogiantities that range from 500 to 50,000 board
feet per unit. Figure C-4 shows kiln sizes for medsized units. A properly sized kiln will dry
hardwoods from 25% moisture in two to four weeRscombination of 30,000 and 50,000 board foot
units is recommended for matching variations ircegse lumber sizes and market variability. The
30,000 board foot units should provide a proper afixnits for good scheduling flexibility. A 20,00
board foot per day sawmill with a 21 day dryingesdile will necessitate a total installed kiln capac
of 400,000 board feet.

Another drying technology that fits Hawaii is a@ofjas concept from an Australian company. This
technology ittp://www.solardry.com.guitilizes solar collectors for heating water. Treated water
(up to about 150 degrees Fahrenheit) is pumpedil®ia the kiln chamber and fans circulate the air
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through the stickered lumber. The kilns are alaapzepd with a propane burner for back up in cooler
periods and at night.

Four SG-50 Solar Gas Kilns in Australia.
http://www.solardry.com.au

Experimental Solar Gas Dry Kiln
Hawaii Island Hardwoods LLC
Kea'au, Hawalii

Infeed to 40’ insulated containr kiln

Interior of drying chamber and lumber on cart retahentry
Capacity of kiln is approximately 4,000 board feet
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Advantages of dehumidification kilns:

a. Low capital cost.
b. Easier to deal with in the governmental pernmocpss.
c. Energy efficiency when drying from green.

Disadvantages of dehumidification kilns:

a. High electricity costs in Hawaii.

b. Precise humidity control is difficult.

c. Controlling humidity during drying to equalize aodndition lumber requires auxiliary
equipment (steam or humidifier). Such capacityssential with high-density hardwoods
that have a tendency to collapse and casehardieiedf to quickly.

d. Length of time to dry will be extensive and wilgudre numerous units.

Advantages of steam or hot water heated kilns:
a. Use of wood residues.
b. Ability to add humidity to the drying chamber dugidrying.
c. Solar heated water has low operational cost.

Disadvantages of steam or hot water heated kilns:

a. High capital cost.
b. Permitting requirements for boilers will probably more stringent.

Advantages of insulated and closed solar gas kilns
a. Use of natural energy as the primary heat sourc
b. Good humidity controls.
c. Lower capital cost on the larger units.

Disadvantages of insulated and closed solar kilns:
a. Dependence on natural energy on inclement days
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D-4

Potential Overall Mill Layout

Potential Sawmill Layout

Total Site would be approximately 400" wide b

This would represent about 160,000 square feet or (43,560 sf/aq

Exit

Air Dry Sheds
80 X 40 B0 X 40
Dry
Kilns
30" X 20" each
Office

Sorting, Stacking & Planing

120' X 100

140

400’ deep
;re) = approximately 4 acres

|
1 I
| S,
Log Infeed

Green

Chain

Entrance

Drawing not to scale
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Appendix — A

Executive Summary:
Hawaii Hardwood Market Study
for
The State of Hawaii - Department of Land and NatResources
by
Hawaii Agriculture Research Center
Nicklos S. Dudley
&
JQuinn Company
James E. Quinn
December 9, 2004
http://www.hawaii.gov/dInr/dofaw/pubs/Hawaii%20Hamod%20Market%20Study. pdf

The market for higher value hardwood products imvkdais increasing significantly and consistenttyitis in most areas
of the country. Most of the high value applicati@re in hardwood flooring, furniture, cabinetrylarher fixtures
including doors, windows and moldings. The usagkigi value or “appearance” type woods is focusegdly in upper
end housing and in repairs and remodeling.

Virtually all of the companies and individuals thegre interviewed in this study expressed recogmitif the demand for
Hawaiian grown woods in the market place. Essdntil of the respondents also reported that thecfpal reasons for
the relatively small amount of product in the mapkace are (1) inconsistent supply and (2) incdesisquality. The
inconsistency of supply comes about from the lgatoomitted resource to the potential producer® iflconsistencies in
quality are predominantly the result of lumber dgyissues, limited technology, lack of competifirecessing facilities
and the tendency for producers to force lower gradeerials into the sales mixture to achieve tHeme and additional
revenue that is needed to survive as a business.

It has proved to be very difficult to capture aatiyt accurate number for hardwood imports. Thidue to protection of
proprietary and competitive information from re¢ad and distributors and it is also due to grosegdizations in units of
measure from shippers. Nonetheless, we have fouiddrece of wood importation numbers and this ispseiqmented by
selected information from our interviews. The restult being that we believe that total annual haathimports are in the
range of 7000,000 t010,000,000 Board Feet (BF). Additionalig, have opinion inputs and computed equivaleras th
cause us to believe that high quality locally grgqwaducts could displace as much as 2,000,000 Heatger year of this
market segment.

The current principal imports from North Americamiperate hardwoods include Oak, Cherry, Ash, MaptePoplar.

The principal foreign imports are African Mahoga@®gnuine Mahogany, Meranti, Teak and several Eptaly
Weyerhaeuser is promoting Lyptus which is a Bramilcucalyptus hybrid with an appearance simild.tgrandis
(Grandis) anc. saligna(Saligna). Generally speaking, the Hawaiian gré&atusta and Saligna display better color and
character than does the Lyptus product. The cleniatits of the African Mahogankifaya nyasicaappear to be quite
similar to Hawaiian growifoona ciliata(Toon), which is not surprising since they arehb@tiatives of the true Mahogany
(Swietenia macrophylla)lt may also be possible to substitute some Hawdtucalypts for African Mahogany if the
processing and quality control are improved. Mdghe foreign hardwoods are imported into mainldisdributors

initially and then they are reshipped to Hawaii.

The potential for the development of a significlmest products industry in Hawaii will be influesttto a great extent by
the following:

Opportunities:
Q There is a demand for Hawaiian grown woods in tlaeket place.
Q Significant quantities of hardwood lumber are bamgorted into the State.
O The demand for distinctive hardwood lumber is iasieg.
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Constraints:
Q Inconsistent supply.
Q Inconsistent manufacturing quality.
O Underdeveloped infrastructure for forest producdcpssing.

Recommendation:

The limited amount of {Hawaiian} hardwood produttiat currently enter the marketplace display theempiial to be as
good as, or better than, many similar species ftrar areas. The State forest reserves posselssdbst mature
inventory of such timber. These stands of non-eaipecies such as Robusta and Saligna also appgeassess the
potential for very high quality “appearance gratigfiber.

The process of replacing imported hardwood lumb#r lwcally grown and processed Hawaiian lumberdsurring now,
however the scale is very limited. Presently,dbmand for hardwood products exceeds the locatiglyared supply. For
this imbalance to change several critical factoustive addressed. These factors are:

Sufficient sustainable supply of forest resourcertsure economically efficient processing.
Properly sized manufacturing facilities to matcbogrce availability.

Strong commitment to the technical issues of produality.

Effective marketing which will place high-value ease products in the market place

OO0OO0ODO

The market for certified forest products is incirgsn the US and in most other countries. Cedwitfian, particularly under
the Principles and Criteria of the Forest Stewa€louncil (FSC), carries with it the benefit ofqaity selection in the
market and in some cases a premium over non-egffifioducts. It also provides a generally effectheans for social
and environmental acceptance of proactive timbdrlaanagement. FSC certification could enhancadhess to forest
resources in State forest reserves and ensurérgideatimber supply.
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Appendix B

Data Tables
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Table B-1
Sahalla Plantation Eucalyptus Saligna
Log Lumber
Scale | Tally | Intl BF/ |
Cubic
Date Species Tree DBH Logs || Scribner Int'l Cubic Actual Nominal Ft. CFE
BF BF
7/25/2005 Saligna 18 10 820 910 131 1152 940 96 6.95
7/27/2005 Saligna 24 11 1340 1405 187 1761 1459 147 7.51
8/1/2005 Saligna 19 9 790 885 123 974 805 81 7.20
2950 3200 441 | 3887 3204 324 7.26
Table B-2
Lumber Yield Summary
From Sahalla Trials
Lumber Summary
MHH Hit and Miss Surfaced
Rough 2"

Date Tree BH Tally Pieces Width Thick Length

7/25/2005 1 18 1152 158 2.75 0.99 9.5

7/27/2005 2 24 1761 2.75 0.99 9.5

8/1/2005 3 19 974 153 2.75 0.99 9.5

3887
Lumber Summary
Net Moulded Square Feet

1 144 2.275 0.78 9

2 207 2.275 0.78 9

3 144 2.275 0.78 9
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Final Final
Log Number Length Diameter
inches
Red 11-2 18.5 26
Red 11-3 18.5 23
Red 12-1 18.5 28
Green 1-1 18.5 28
Green 4-1 18.5 24
Green 19-1 16.5 23
S-2 18.5 23
Matson
Weight Pounds
Matson Weight / CF #/CF
Logging
Hauling

Mill Site Handling and
Loading

Conen's freight to port
Fumigation
Matson Shipping

Unit costs

Forest Industry Development Research
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Table B-3

Eucalyptus Saligna Veneer Slicing Trial

FIDR
Veneer Sort and
Shipment
Jul-06
Est Original
Net
Scale Gross Purchased Unit
Wt
Intl Scribner Cubic per Weight Scale Cost
bf bf cf CF pounds bf $/bf
before
trimming
570 560 66 71 4,686 690 $0.20
445 415 53 71 3,763 545 $0.20
665 650 77 71 5,467 755 $0.20
665 650 77 71 5,467 800 $0.20
485 450 57 71 4,047 590 $0.20
445 415 53 71 3,763 470 $0.20
445 415 53 1 3.763 470 $0.20
3720 3555 436 497 30,956 4320 $0.20
37,100
85
$300.00
$41.00
$75/hr 10 hrs
$/bf $/bf $/ct
$2.05 $2.14 $17.47
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Cost

per log

$138.00
$109.00
$151.00
$160.00
$118.00

$94.00

$94.00
$864.00

$1,296.00
$177.12

$750.00
$215.16
$275.00
$4,039.20
$7,616.48
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Table B-4

Board
SQ Mtrs SO Ft ft
Gross log
shipment 3,720
Gross veneer
output
9'and 10’ 6,136 | 66,013
11',12,'15' 2,929 | 31,633
8' 957 | 10,336
Total 10,022 | 108,238
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Ticket Species
70001 E.Saligna
70001 E.Saligna
70001 E.Saligna
70002 E.Saligna
70003 E.Saligna
70004 E.Saligna
70005 E.Saligna
70006 E.Saligna
70007 E.Saligna
70008 E.Saligna

E.Saligna
70009 E.Saligna
70010 E.Saligna
70011 E.Saligna
70012 E.Saligna
70013 E.Saligna
70014 E.Saligna
70015 E.Saligna
70016 E.Saligna
70017 E.Saligna
June
Total
70018 E.Saligna
70019
70020 E.Saligna
70021 E.Saligna
70022 E.Saligna
70025 E.Saligna
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Table B-5

Eucalyptus Saligna Lumber Production

Log

B 1-4
B 1-5
B 1-5
B 2-2
B 2-1
B 2-1
B 2-3
G4-1
G5-1
G5-3
Go91
G 4-2
G5-11
G7-1
G 4-2
G 5-10
S-1
S-1
G 4-4

G-4-7
G-5-4/BL6-6
G-18-5
BL-1-3

BL 1-3
G 19-3

G 19-3
G7-2

BL x

G 5-2,BL6-3,

BLK 8-9
BLK 8-9
G-19-1

Length

8 & 10
10
10

9&10
10
10

10
10

7&7
10
10
10

10
10

10

10

10

10
10

Eucalyptus
Saligna

Tally

192
156
150
554
420
430
404
400
460
252
170
420

480

520
280
456

5,744
510
520
520
520

2,070

7,814
400
460
290
750

940
520

520
375
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Thickness

Saw
Pattern

4/4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
4/4
8/4
8/4

4/4
4/4
4/4
4/4

9/4
4/4

4/4
4/4
6X6
4/4

4/4
4/4
4/4

Shipped
Sold

PP-627
PP-627
PP-627
PP-627
PP-627
PP-627

PP-627

PP-627
PP-627
PP-627

PP1018
Plack

Pelkey

PP1018



Custom
70041
70042
70043
70044
70045
70046
70047
70048

70049
70050
70051
70052
70053
70054
70055
70056
70057
70058
70059

70067

70067
70068
70069
70070
70072
70023
70033
70034
70035
70036
70038
70039
70040
70117
70118
70119
70120
70121
70122
70123
70124
70125

E.Saligna
E.Saligna
E.Saligna
E.Saligna
E.Saligna
E.Saligna
E.Saligna
E.Saligna

E.Saligna
E.Saligna
E.Saligna
E.Saligna
E.Saligna
E.Saligna
E.Saligna
E.Saligna
E.Saligna
E.Saligna
E.Saligna

E.S.

E.S.
E.S.
E.S

E.S

E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
E.S.

S-5,S-8
S-7,S-5
S-8,S-9
R-11-5,S-9
R-8-1
R-1-5
R-1-5
G-1-6

E
E
12-3,12-11

EDGER

G-18-4
BL21-1
G-19-2
MIX
14-2-1

B19-5,8
S9-4,G2-1
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14
10
10

10
10
10
10

8

10
10
10
10
10
10
20
10
10
13
14

10
10
16

13
13
13
13
13
13
13'&17"
13
13
19

® o N NN~

5,
15,

4,
20,

??7?

280
510
500
510
500
510
480
500
210
415
319

490
490
490
490
400

500
500
500
600
500
960

279
420

420
420
550
630
450
450
450

1500

450
600
511

1333
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250
266
400
400
400
400
450
450

8/4
9/4
4/4
4/4
4/4
4/4
4/4
4/4
6X6

4/4
4/4
9/4

4/4

4/4
4/4
4/4

9/4

4/4
4/4

7X10
4/4
5X6
5x6,4x6,7x10
5x6
4/4
2-7x12
4/4
4/4
4/4
4/4
4/4
4/4

24pcs

gtrsawn
gtrsawn
gtrsawn
gtrsawn
gtrsawn
gtrsawn

PP1018
PP1018
PP1018
PP1018
PP1018
PP1018
PP1018
Maner

PP
PP
PP

PP
PP

PP
Plack

GreenProd

PP

Plack
Plack

Plack
Plack
Plack

Plack

Plack



70126
70127
70128
70095
70096
70105
70106

E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
E.S.
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0 0 0 0 00 00 o

450
450
450
450
450
450
450

13930
34,209
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4/4
4/4
4/4
4/4
4/4
4/4
4/4

gtrsawn
gtrsawn
gtrsawn
gtrsawn
gtrsawn
gtrsawn
gtrsawn
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Table B-6
Eucalyptus Robusta Yield Trial

Ratio

Log Top Butt Intl Cubic Intl to

Number Length Diameter Diameter Scale Scale Cubic
R-47 20 17" 23" 240 44 5.45
R-12 9 27" 30" 280 39 7.18

R-50 20 16 235
i7" 27" 16"
R-47 R-12 R-50

Lumber Lumber Lumber

Width  Pieces Yield Pieces Yield Pieces Yield
3 1 2.50 0.00 1 2.50
0.00 0.00 2 6.67
5 1 417 0.00 1 4.17
6 2 10.00 1 4.50 4 20.00
7 1 5.83 2 10.50 3 17.50
8 3 20.00 4 24.00 3 20.00
9 2 15.00 5 33.75 1 7.50
10 13 108.33 27 202.50 13 108.33
11 1 9.17 1 8.25 0.00
12 8 80.00 1 9.00 11 110.00
32 255.00 41 292.50 296.67
Recovery ratio 1.06 1.04 1.26
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Table 6a
Total Robusta Logs and Lumber Production

Log Scale

Eucalyptus Robusta - Ahualoa

Top Butt Scribner Intl Cubic
Date Log # Length Diameter Diameter Scale Scale Scale
11-Oct 1 20.5 19 24 310 335 53
2 20.5 19 24 310 335 53
3 20.5 20 30 350 370 63
4 20.5 22 28 420 455 69
5 20.5 16 17 200 235 30
6 16.8 17 18 185 205 23
7 20.5 14 140 175
8 21 17 235 267
9 13.9 16 120 130
10 175 14 110 135
11 9.7 30 330 325
12 9.3 28 290 280
13 10.2 14 70 80
14 10.5 12 50 55
15 20.5 13 18 120 150 25
16 20.5 19 310 335
17 17.6 26 500 500
18 14.1 18 190 200
19 20.5 18 270 300
20 20.6 15 170 295
21 20.7 17 235 270
22 20.7 14 140 175
23 16.8 22 330 355
24 21.5 24 500 545
25 20 17 235 270
26 16.5 14 14 110 135 17
27 21.5 17 22 235 270 44
29 20.6 14 140 175
29 20.5 21 385 412
30 19.7 14 130 155
31 15.6 15 120 135
32 17.4 10 60 75
33 16 18 210 230
34 16 12 80 95
35 20.5 20 350 370
36 20.7 16 200 235
37 16.7 12 80 95
38 20.3 16 200 235
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39 20.3 15 170 202
40 20.4 11 82 105
41 18.1 11 75 92
42 20.6 14 140 175
43 16.8 12 90 95
44 20 16 200 235
45 20.6 12 100 125
46 18.5 16 180 205
47 19 17 210 240
48 19.2 15 150 180
49 17.7 11 70 90
50 20.6 16 200 235
51 13.6 11 50 55
52 16.7 20 280 290
Total 10417 11718

55




Forest Industry Development Research
State of Hawaii — Division of Land and Natural Reses
December 15, 2006
Medallion Hawaiian Hardwoods LLC

Eucalyptus Robusta
Lumber Producton

Ticket Size/
Numbers Date Log Length Tally Thickness
70074  27-Oct  R-1,13,14 10 320 2x6
70075  26-Oct R-1,4 10 500 414
70076 26-Oct R-1,4 10 500 4/4
70077  31-Oct R-3,7 10 500 4/4
70078  2-Nov R-2,8 10 500 4/4
70079 1-Nov Edger 10 500 4/4
70080  2-Nov R-10,19 10 500 414
70081  9-Nov  R-22,20,18 10 455 414
70082  9-Nov  R-18,15,21 10 455 414
70083  10-Nov R-27,16 10 455 414
70084  10-Nov R-27,16 10 455 4/4
70085  13-Nov R-39,38 10 455 4/4
70086  14-Nov R-44 10 455 4/4
70087 14-Nov  R-18,15,21 10 455 4/4
70088  15-Nov R-19,25 10 455 414
70089  17-Nov R-47,48 10 455 414
70090  17-Nov R-12 10 455 414
70091  21-Nov R-36,50 10 455 414
R-
70092 27-Nov 42,5,30,35,42 10 685  5x6,3x6
70093  16-Nov R-52 17 315 6/4
70094  28-Nov 10 455 4/4
70026  7-Dec 8 450 4/4
70027  7-Dec 8 450 4/4
70028  9-Dec 8 450 4/4
70029  12-Dec 8 450 414
70030  12-Dec 10 450 414
70031  12-Dec 10 450 414
70032  13-Dec 10 262 9/4
12,742
Recovery/Yield 1.09
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Table B-7

Tropical Ash Log Data

Date 1/12/2006 Elevation: 5,330 feet
Source State of Hawaii Latitude 19-54.39n
Species  Tropical Ash Longitude 155-19.21w
Segment
Number Number Length Top Dia Butt Dia Ave
Cubic Dia
Green
1 18.6 17 21 19
2 18.6 14 17 15.5
3 15.6 10 14 12
Red
1 18.7 14.5 19 16.75
2 18.7 12 14.5 13.25
Orange
1 18.7 19 22 20.5
2 18.8 13 19 16
3 7.7 12 12 12
4 5.7 12 12 12
White
1 18 cull
2 9 18 19 18.5
Blue
5a 1 17.5 11 11 11
2 18.7 9 11 10
3 5.2 9 9 9
5b 4 18.7 12 12 12
5 18.7 9 12 10.5
6 14.7 8 9 8.5
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Logging and hauling:

Stumpage price (DLNR)

Permit

Logging
Hauling
Total stumpage, logging and
hauling
With stumpage at $.20
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Unit
Costs

$0.20

$0.72
$0.92

Processing (at Brauner Woodworks)

Log Volume (per Hal Brauner)
Lumber Tally (per Hal Brauner)
Lumber Tally (per Jim Quinn)

Sawing
Stick/Dry

Planing
Straight line ripping and grading

Moulding
Total processing

Total Logging and Processing

Income

Yield
Select 8/4
Select 4/4
Paneling/Flooring
Planed 4/4
Average realization

Gross Profit

$85.00
$0.45

$85.00
$85.00

$125.00
$1.79

Unit
Prices
$4.15
$4.15
$3.85

$3.38

Table B-8
Tropical Ash

Units

bd ft

per
hour
bd ft
per
hour
per
hour
per
hour
bd ft

58

Logging, Hauling, Processing and Sales

Time Volume Costs
hrs board ft
1690
$10
$600
$600
$1,210
1700
2200
2357
13 $1,105.00
$990.00
6 $510.00
6.5 $552.50
8.5 $1,062.50
$4,220.00
$5,430.00
Square Sales
Feet Realizations
50 $207.50
352 $1,460.80
1100 $4,235.00
246
1,748 $5,903.30

Total

Business

$338

$1,548

$6,978

$473.30 $1,074.70

Notes

DLNR did
not
charge for
the

stumpage.
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Table B-9
Toon Log Scale

Top Butt Intl Cubic Bd Ft/
Date Log # Length Diameter Diameter Scale Scale CE
6-Sep 1-1 215 18 21 300 40 7.50
1-2 20.5 16 18 235 31 7.58
2-1 20.5 20 370
2-2 20.5 14 175
3-1 20.5 14 175
3-2 20.5 12 125
4-1 20.5 18 24 300 48 6.25
4-2 18.5 14 18 155 25 6.20
5-1 20.5 15 20 150 31 4.84
5-2 20.5 10 85
6-1 20.5 17 19 270 35 7.71
6-2 20.5 16 235
6-3 8.75 10 30
7-1 20.5 17 19 270 35 7.71
7-2 12.1 16 130
7-3 12.1 12 70
7-Sep 8-1 20.5 15 205
8-2 20.5 12 125
9-1 22.3 12 140
10-1 20.5 19 335
10-2 9.5 18 125
11-1 20.5 18 300
11-2 20.5 14 175
11-3 5 13 30
12-1 20.5 17 20 270 35 7.71
12-2 20.2 13 150
13-1 20.5 11 105
13-2 20.5 10 85
14-1 20.5 13 14 150 18 8.33
14-2 20.5 11 13 105 16 6.56
15-1 20.5 19 22 335 44 7.61
15-2 12.9 11 60
15-3 12.1 13 85
15-4 20.5 10 85
16-1 20.5 17 270
16-2 20.5 14 175
12-Sep 17 16.7 20 21 290 35 8.29
18 20.7 21 24 415
19 20.5 10 85
20 20.3 16 235
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21 20.1 12 125
22 20.1 12 125
23 20.5 14 175
24 20.2 12 125
25 20.2 10 85
26 20.5 7 60
27 20.5 9 60
28 20.5 26 28 640 80 8.00
14-Sep 29 16.5 9 55
30 16.5 8 50
18-Sep 31 20.5 9 13 45 13 3.46
32 20.5 11 105
33 20.5 9 45
34 20.5 10 85
18-Sep 35 20.5 17 267
36 20.4 17 267
37 14.5 7 10
38 18.75 13 132
39 20.4 10 85
40 20.5 10 85
41 20.5 10 85
42 10.75 12 55
43 8 9 25
44 20.5 8 45
45 20.5 7 40
46 20.5 10 85
47 20.5 26 27 640 76 8.42
48 20.5 6 40
49 14 9 45
50 18 12 110
51 115 10 40
Total 11246
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Table B-10
Toon Lumber Production

Ticket Date Log Length Tally Thickness Customer Moisture

70060 14-Sep 28-17 10 600 9/4 PP Grn
28-17-

70061 15-Sep 18 10 500 4/4 PP Grn
1-1/1-

70062 19-Sep 2/2 10 525 9/4 PP Grn

70063 19-Sep 10 525 9/4 PP Grn

70064 19-Sep EDGER 10 400 4/4 PP Grn

70065 19-Sep 4-2 10 525 9/4 PP Grn

3075
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Figure B-1

Nyle Dehumidification Kilns

Medium Lumber Systems

a4

WYLE

Fiandard Bryeis Bag,

|l L300 L500 L1200S
i A (36" (91 cm) 44" (112 cm) 64" (163 cm)
| C
: B [44" (112 cm) 45" (114 cm) 60" (152 cm)
i | C |51" (130 cm) 51" (130 cm) 51" (130 cm)
: D |19" (48 cm) 29" (74 cm) 39" (99 cm)
Specs L300 L500 L1200S
Compressor Nominal 3 5 15
HP
Internal Blower Motor |1 1.5 3
HP
Auxiliary Electric Heat |8 KW 12 KW 48 KW
(*1)
Circulating Fans (*2) 3@ 1/2 HP 5@ 1/2 HP 4 @ 2 HP
Fan Diameter 24" (61 cm) 24" (61 cm) 30" (75 cm)
Reversing Fans Optional Optional Standard
Overtemperature Vents [Two Auto Two Auto Two Auto

Operating Temperature
Range

70'to 160' F (21' to
72' C)

70'to 160' F (21' to
72' C)

70" to 160' F (21' to 72' C)

Electric-
Volts/Phase/Hertz

220/1/60 220/1/50
220/3/60 220/3/50

220/1/60 220/1/50
220/3/60 220/3/50

220/3/60 220/3/50
460/3/60 380/3/50

460/3/60 380/3/50 |460/3/60 380/3/50 |575/3/60
575/3/60 575/3/60
Discharge Duct Riser Included Included Included

Nominal Water
Removal Per 24 Hrs.

420 Ibs. (191 kg)

720 Ibs. (327 kg)

1650 Ibs. (750 kg)

Load Capacity

2,500-8,000 BD. FT

(6-18 cu meters)

4,000-15,000 BD. FT
(9-35 cu meters)

10,000-30,000 BD. FT (23-70
cu meters)
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Figure B -2
Nyle Kiln Energy Usage

CAPACITY CHART

This chart can be used to compare drying times, annual
production, and electric cost for drying a load. Remember, a Nyle
kiln is an investment, and should be looked at as such. The return
on the investment have to take into account the variances in
lumber pricing, the cost of the kiln chamber, and the amount of
lumber dried during a year. This chart will prove close to what you
will see in a majority of applications.

Different types of wood are dried at different rates, we have
grouped similar drying woods in this chart to reflect that. As some
woods, such as softwoods, need to be dried fast in order to avoid
mold and stain, while some hardwoods, such as Oak have to be
dried slowly to avoid checks and honeycomb.

Group 1—~Pine, Fir, Cedar, Poplar, Aspen (softwoods and fast drying hardwoods)
Group 2—Cherry, Birch, Maple, Ash, Beech, Walnut, Elm (medium drying hardwoods
Group 3—0ak (Red and White), Rock Elm (slow drying hardwoods)

MBF= 1000 Board Feet (2.36m?>)

Moisture Content Green to 7% Moisture Content 30% to 7%
Annual Annual

Wood | Load Size | Production |Drying| Drying Cost § Production |Drying| Drying Cost

Model | Group BF BF Days per MBF BF Days per MBF
1 300 7,800 13 $41.67] 27,000 4 $11.83
L50 2 600 12,000 18 $39.60 43,800 7 $14.74
3 1000 10,000 36 $39.78 24,000 15 $16.57
1 1500 43,500 12 $39.8 180,000 3 $10.40
L200 2 3000 48,000 22 $37.1 gl 135000 3 $14.09
3 4000 40,000 35 $39.8 88,000 16 $17.31
1 2000 80,000 9 $39.7 208,000 3 $11.86
L300 2 6000 114,000 19 $29.63 198,000 11 $16.46
3 8000 96,000 30 $34.7 192,000 15 $17.65
1 3000 185,000 8 $38.8 360,000 3 $15.00
L500 2 8000 320,000 22 $40.7a 264,000 8 $1541
3 12000 144,000 30 $41.5 312,000 14 $17.65
1 10000 400,000 @9 $37.6 1,200,000 3 $13.26
L1200s 2 20000 400,000 18 $39.3 1,040,000 7 $14.63
3 30000 360,000 28 $42.2 200,000 12 $17.42

This chart is based on 9¢/kWh electricity, 50°F. outside temperature, building
sized for the load size listed and as a separate building. This chart assumes
electric pre—heat. The drying times are based on drying 4/4 (1", 25mm) lumber.
Thicker lumber generally will take longer to dry, and has to be dried slower.

17

i |

It is important to note that Figure B-5 is basedno$.09 / kwh power rate. In Hawaii, we are mokely
to experience power rates in the range of $.30h.kw
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Appendix C

Log Scaling and Conversion Factors
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Lengths

Figure C-1
Log Scale
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Figure C-2

Log Ratios

Conversion
Factors Log
Relationships

Log Top Butt Scribner Intl 1/4 Cubic Cubic
# Length Dia Dia Scale Scale Scale Ratio Meters

Feet Inches Inches BF BF CF BF/CF at 35
Robusta 1 20.5 19 24 310 335 53 6.32 151
2 20.5 19 24 310 335 53 6.32 151
3 20.5 20 30 350 370 63 5.87 1.80
4 20.5 22 28 420 455 69 6.59 1.97
5 20.5 16 17 200 235 30 7.83 0.86
6 16.8 17 18 185 205 23 8.91 0.66
15 20.5 13 18 120 150 25 6.00 0.71
26 16.5 14 14 110 135 17 7.94 0.49
27 215 17 22 235 270 44 6.14 1.26
Saligna 1 16 35 42 860 930 107 8.69 3.06
4 9 21 26 155 365 43 8.49 1.23
6 15 16 20 150 170 21 8.10 0.60
8 16 19 24 245 260 31 8.39 0.89
3 17 23 23 400 415 50 8.30 1.43
3 16 37 995 1040 120 8.67 3.43
6 14 33 670 715 70 10.21 2.00
Toon 1-1 215 18 21 270 300 40 7.50 1.14
1-2 20.5 16 18 200 235 31 7.58 0.89
4-1 20.5 18 24 270 300 48 6.25 1.37
4-2 18.5 14 18 130 155 25 6.20 0.71
5-1 20.5 15 20 120 150 31 4.84 0.89
6-1 20.5 17 19 235 270 35 7.71 1.00
7-1 20.5 17 19 235 270 35 7.71 1.00
12-1 20.5 17 20 235 270 35 7.71 1.00
14-1 20.5 13 14 120 150 18 8.33 0.51
14-2 20.5 11 13 85 105 16 6.56 0.46
15-1 20.5 19 22 310 335 44 7.61 1.26
17 16.7 20 21 280 290 35 8.29 1.00
18 20.7 21 24 385 415 53 7.83 151
28 20.5 26 28 620 640 80 8.00 2.29
583 10270 1345 7.64 38.43

Avg Dia 20.10 BF/M3 267.25
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Figure C-3

BF/CF Ratio

Ratio BF/CF vs Log Diamater

12

10

¢ Top Ratio BF/CF

0 10 20 30 40
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Figure C-4

Wood Products Conversion Factors

Cubic Board
Meters Feet
General
Standards:
Lumber 1 424
Log 1 180 7"-10"
220 10"-14"

250 15" plus
Cubic Feet to Cubic Meters

1 M3 = 35 CF
Field Trials:

Top BFE/

Diameter CM
11 270
Avg Dia 20.10 13 210
BF/M3 267.25 13 263
14 278
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Appendix D

Inventory
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Forestry Management Consultants

Tax Map Key

2-3-009-006-0000
2-3-009-007-0000
2-3-009-008-0000
2-3-009-009-0000

1

2-5-006-012-0002
2

2-5-006-029-0004
3

2-6-001-019-0000
4

2-7-001-001-0000
2-7-001-002-0000
2-7-001-004-0000
2-7-001-005-0000
2-7-002-001-0000
2-8-001-003-0000
2-9-002-001-0000
3-4-001-001-0000
3-4-006-001-0000

5

4-4-002-113-0002
3

4-6-009-035-0001
7

4-6-033-029-0000
8

4-9-009-009-0008
9

5-1-005-004-0000
5-1-005-005-0000
5-1-005-022-0000
5-1-005-102-0000
5-1-005-110-0000
5-1-005-111-0000

10
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Table D-3

Kauai Timber Stands

Owner

Terry Allen
Terry Allen
Terry Allen
Terry Allen
Terry Allen

Michael Ceurverst
Michael Ceurvorst

Mark P. Smith
Mark P. Smith

Gay Davis
Gay Davis

Hawaiian Mahogany Ine,
Hawaiian Mahogany Ine.
Hawaiian Mahogany Ine.
Hawaiian Mahogany Ine.
Hawaiian Mahogany Ine.
Hawaiian Mahogany Ine.
Hawaiian Mahogany Ine.
Hawaiian Mahogany Ine,
Hawaiian Mahogany Ine.
Hawaiian Mahogany Inc.

Jane Sezak
Jane Sezak

Dravid Rovinsly
David Rovinsky

Fred Peel
Fred Peel

Donald Olson
Donald Olson

Joyee Doty
Joyee Doty
Joyee Doty
Joyee Doty
Joyee Doty
Joyee Doty
Joyce Doty

Acres

15
1.0
3.0

12.7

75

25
2.5

5.3
53

642
299.6
272.0
245.0

1,1624

22.3
3120
3164
1474

2,902.2

24
24

1.1
11

2:5
2.5

9.2
9.2

138.9
30.3
4.4
6.2

189.0

72

PO Box 351
Lawai, Hawaii
96765-0351

Phone/Facsimile:
808 332-5200

email: forestry@hawaiiantel.net

Address

P.0O. BOX 947 Kalaheo, 96741

Grenville House I-11 1-3 Magazine Gap Road, Hong Kong

P.0.B0OX 1026 Koloa, HI. 96756

P.O.BOX 223102 Princeville, HI. 96722

P.0. BOX 649 Lawai, HI. 96765

P.O. BOX 1555 Kapaa, HI. 96746

P.0. BOX 1808 Lihue, HI. 96766

1740 A Mauna Ikena Road Kapaa, HI. 96746

47466 San Clemente Terrace Freemont,CA, 94530

P.O. BOX 582 Kilauea, HI. 96754



Tax Map Key

5-1-005-109-0000
11

5-1-006-020-0002
12

5-1-006-023-0003
13

5-2-002-011-0002
14

5-2-012-019-0001
15

5-2-012-019-0005
16

5-2-022-019-0004
17

5-3-008-019-0001
5-3-008-019-0002
5-3-008-019-0003
5-3-008-019-0004
5-3-008-019-0005

18

5-3-008-022-0001
19

5-3-008-022-0002
20

5-3-008-022-0003
11

5-3-008-022-0004
12

5-3-008-022-0005
13
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Table D-4

Kauai Timber Stands

Owner

Robert 3chaefsr
Robert Schaefer

Eugene Taylor
Eugene Taylor

John & Claudia Nicmise
John & Claudia Niemiee

Neal Norman
Neal Norman

Dravid Steinmann
David Steinmann

Adam Dunsby
Adam Dunsby

Constantin Samoilov
Constantin Samoilov

Charlie Bass
Charlie Base
Charlie Bass
Charlis Bage
Charlie Base
Charlie Bass

James Gair
James Gair

Roy Chambers
Roy Chambers

Robert Isom
Robert Isom

Wendy Devore
Wendy Devore

Greg Fassett
Greg Fassett

Total Acres

Acres

23

2.3
3.3

1.3
1.3

16.8
16.8

6.5
6.5

6.8
6.8

4.2
4.2

4.5
4.0
4.0
6.1
52
25.8

4.5
4.5

2.9
1.9

2.3
1.3

39
53
5.3

3,218.2

73
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Address

P.O. BOX 3151 Lihue, HI. 96766

4471 D Kapuna Road Kilauea, HI. 96754

4333 Kapuna Road Kilauea, HI. 96754

52151 Kuhio Hwy. 3 Hanalei, HI. 96714

1185 Park Avenue Apt 4H New York,NY 10128 1309

65 Redding Road Easton, CT. 06612

P.0. BOX 824 Chattaroy, WA, 99033

3788 Ahonui Place Princeville, HI. 96722

P.0. BOX 663 Kilauea, HI. 96754

P.0. Box 1631 Hanalei, HI. 96714

P.0. BOX 223201 Princeville HI. 96722

4170 Kalani Place Princeville, HI, 96722

1244 N Coast Hwy. Laguna Beach CA.. 92651

** denotes portion of larger parcel acreage
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2-3-009-006-0000 Terry Allen 332-9801 1.510 P.0. BOX 947 Kalaheo, 96741

2-3-009-007-0000 Terry Allen 332-9801 1.030 P.0. BOX 947 Kalaheo, 96741

2-3-009-008-0000 Terry Allen 332-9801 3.030 P.0. BOX 947 Kalaheo, 96741

2-3-009-009-0000 Terry Allen 332-9801 7.110 P.0. BOX 947 Kalaheo, 96741

2-5-006-012-0002 Michael Ceurvorst 652-0791 7.500 Grenville House I-11 1-3 Magazine Gap Road

2-5-006-029-0004 Mark P. Smith 332-7240 2477 P.0. BOX 1026 Koloa, HI. 96756

2-6-001-019-0000 Gay Davis §27-8045 5306 P.0. BOX 223102 Princeville, HI. 96722

2-7-001-001-0000| Hawaiian Mahogany Inc. 332-8570 64.200 P.0. BOX 649 Lawai, HI. 96765 fuugalohanet
2-7-001-002-0000| Hawaiian Mahogany Inc. | 332-8570 299.550 P.0. BOX 649 Lawai, HI. 96765 alckuaeulohiict
2-7-001-004-0000| Hawaiian Mahogany Inc. | 332-8570 273.000 P.0. BOX 649 Lawai, HI. 96765 halekungiohanet
2-7-001-005-0000] Hawaiian Mahogany Inc. | 332-8570 244.974 P.O. BOX 649 Lawai, HI. 96765 walohanet
2-7-002-001-0000] Hawaiian Mahogany Inc. 332-8570 1162.378 P.O. BOX 649 Lawai, HI. 96765 halekuaiealoha.net
2-8-001-003-0000] Hawaiian Mahogany Inc. 332-8570 82.250 P.0O. BOX 649 Lawai, HI. 96765 halekuatwaloha.net
2-9-002-001-0000] Hawaiian Mahogany Inc. | 332-8570 311.950 P.0. BOX 649 Lawai, HI. 96765 halekuagraloha.net
3-4-001-001-0000 Hawaiian Mahogany Inc. | 332-8570 [ ~ 316.440 P.0. BOX 649 Lawai, HI. 96765 kua aloha.net
3-4-006-001-0000] Hawaiian Mahogany Inc. | 332-8570 147.440 P.0. BOX 649 Lawai, HI. 96765 < aloha net
4-4-002-118-0002 Jane Sezak 822-7508 2.372 P.0. BOX 1555 Kapaa, HI. 96746 Jsezak(rhotmail.com
4-6-009-035-0001 David Rovinsky 822-2076 1.100 P.Q. BOX 1808 Lihue, HI. 96766

4-6-033-029-0000 Fred Peel 822-4488 2.490 1740 A Mauna Ikena Road Kapaa, HI. 96746

4-9-009-009-0008 Donald Olson 9.162 47466 San Clemente Terrace Freemont,CA. 94539

51-005-004-0000 Joyce Doty 828-0179 138.862 P.0. BOX 582 Kilauea, HL. 96754

5-1-005-006-0000 Joyce Doty 828-0179 2330 P.0. BOX 582 Kilauea, HI. 96754

5-1-005-022-0000 Joyce Doty 328-0179 30.340 P.0. BOX 582 Kilauea, HI, 96754

5-1-005-102-0000 Joyce Doty 828-0179 4.430 P.0. BOX 582 Kilauea, HL. 96754

5-1-005-109-0000 Robert Schaefer 822-1151 2262 P.O. BOX 3151 Lihue, HI. 96766

5-1-005-110-0000 Joyce Doty 828-0179 6.200 P.0. BOX 582 Kilauea, HI. 96754

5-1-005-111-0000 Joyce Doty 828-0179 6.874 P.O. BOX 582 Kilauea, HI. 96754

5-1-006-020-0002| | Eugene Taylor 828-0191 3.308 4471 D Kapuna Road Kilauea, HI. 96754

5-1-006-023-0003 | John & Claudia Niemiec 828-6893 1.268 4333 Kapuna Road Kilauea, HL. 96754

5-2-002-011-0003 ~ Neal Norman 328-6488 16.827 52151 Kuhio Hwy. 3 Hanalei, HIL. 96714

5-2-012-019-0001 David Steinmann 212-860-4825 6.500 185 Park Avenue Apt. 4H New York,NY 10128 1309

5-2-012-019-0005 Adam Dunsby 203-268-7962 6.830 65 Redding Road Easton CT. 06612 adunsbyercichost.eom
5-2-022-019-0004]  Constantin Samoilov 652-0442 4.233 P.0. BOX 824 Chattaroy, WA. 99033

5-3-008-019-0001 Charlie Bass _ 826-1951 4.541 3788 Ahonui Place Princeville, HI. 96722

5-3-008-019-0002 Charlie Bass 826-1951 4.002 3788 Ahonui Place Princeville, HI. 96722

5-3-008-019-0003 Charlie Bass 826-1951 4029 3788 Ahonui Place Princeville, HI. 96722

5-3-008-019-0004 Charlie Bass 826-1951 6.093 3788 Ahonui Place Princeville, HL. 96722

5-3-008-019-0005 Charlie Bass 826-1951 5.156 3788 Ahonui Place Princeville, HI. 96722

5-3-008-022-0001 James Gair 702-286-0200) 4.495 P.0. BOX 663 Kilauea, HL. 96754

5-3-008-022-0002 Roy Chambers 826-7115 2.854 P.O. Box 1631 Hanalei, HI. 96714

5-3-008-022-0003 Robert Isom 828-2036 2332 P.O. BOX 223201 Princeville HI. 96722

5-3-008-022-0004 Wendy Devore 826-1507 3.867 4170 Kalani Place Princeville, HI. 96722

5-3-008-022-0005 Greg Fassett 949-464-9989| 5.254 1244 N Coast Hwy. Laguna Beach CA.. 92651 afassetiwcontinecsi.com
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Saligna Eucalyptus
Myrtaceae -- Myrtle family
Roger G. Skolmen

Saligna eucalyptus (Eucalyptus saligna), also called Sydney bluegum, is a fast growing tree, valuable in plantation forestry. It
grows in several warm temperate to subtropical countries, such as Brazil and the Republic of South Africa, and the state of
Hawaii.

The name Eucalyptus saligna was given to type specimens in 1797. Another very similar but distinct species, found within the
same geographic range, Eucalyptus grandis, was not named until 1918 (12). Before 1918, many introductions were made
worldwide of seed collected from "E. saligna" that bore the characteristics of the type later to be called E. grandis. In most
countries where introductions were made, therefore, considerable mixed planting and hybridization of the two species are
present. Thus, in Hawaii, most saligna eucalyptus stands contain trees with a range of characteristics intermediate between
those of E. saligna and E. grandis. Eucalyptus grandis is now preferred in South Africa because it self-prunes more readily and
has smaller branches (28); and in Brazil because it is resistant to a canker disease and can be propagated vegetatively (6).
Eucalyptus saligna has grown well where the climate is cooler; for example, in northern New Zealand (12) and in the uplands
of Hawaii. Recent provenance tests of the two species in Hawaii suggest that E. grandis would be a better choice than E.
saligna for most sites (26).

Habitat
Native Range

Saligna eucalyptus is native to the east coast of Australia from Bateman's Bay (lat. 36° S.) in southern New South Wales to
the southeastern corner of Queensland (lat. 27° S.) (13). In the United States, it has been introduced into Florida, California,
and Hawaii. In Hawaii it reproduces at the edges of planted stands. Although it was introduced into Hawaii in the late 1800's,
the tree was not planted extensively until the 1960's, when it became the principal tree used for forestation.

Climate

In Australia, the tree grows from sea level to 300 In (1,000 ft) in the South and to 1220 m (4,000 ft) in the North. The
climate within this range is warm-temperate to subtropical, with winter frosts to -15° C (5° F) at the higher elevations (12). In
New Zealand, seedlings were frost tolerant to a minimum temperature of -7° C (21° F) (21). Rainfall is evenly distributed, or
has a summer maximum, and ranges from 890 to 1270 mm (35 to 50 in) annually (13).

In Hawaii, saligna eucalyptus grows well between elevations of about 150 m (500 ft) and 1100 m (3,600 ft) where the
temperature is never below 4° C (40° F). One stand is at 1980 m (6,500 ft) where light winter frosts occasionally occur, and
the average daytime temperature is about 16° C (60° F). Most of the saligna eucalyptus stands have been planted between
300 and 610 m (1,000 and 2,000 ft) elevation in locations with evenly distributed or winter maximum rainfall of 1520 to 7620
mm (60 to 300 in) annually. The tree achieves its best growth on sites with about 2540 mm (100 in) annual rainfall, rather
than on wetter sites, possibly because sunlight is greatly reduced by the cloud cover on wetter sites.

Soils and Topography

In the northern part of its range in Australia, saligna eucalyptus extends to the slopes and ridges. In northern New South
Wales and Queensland, it is usually on the slopes, while the closely related rosegum eucalyptus (Eucalyptus grandis) is usually
near or at the valley bottoms. Saligna eucalyptus does best on clay loams derived from shales and requires good drainage
(13).

In Hawaii, saligna eucalyptus has been planted extensively on Histosols and Inceptisols on the island of Hawaii, and also on
the Oxisols and Ultisols of Maui, Molokai, Oahu, and Kauai. These soils have in common moderate to strong acidity, low to
very low available nitrogen and phosphorus, and rapid to very rapid drainage. All are formed on basaltic parent material,
either volcanic ash or rock. In other respects they differ considerably, but all are unsuited or only marginally suited for
agriculture. Slopes are usually 10 to 20 percent.
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Associated Forest Cover

In Australia, saligna eucalyptus is usually found in mixture with tallowwood eucalyptus (Eucalyptus microcorys) and blackbutt
eucalyptus (E. pilularis), the main coastal species of New South Wales, and is also found associated with several other
eucalypts. It seldom grows in pure stands, whereas the closely related rosegum eucalyptus is typically found in pure stands
(13). The common names used follow those of Bryan and Walker (2).

In Hawaii, saligna eucalyptus has been planted in mixture with three species of eucalyptus-tallowwood, robusta (Eucalyptus
robusta), and rosegum-with melaleuca (Melaleuca quinquenervia), Formosa koa (Acacia confusa), horsetail casuarina
(Casuarina equisetifolia), silk-oak (Grevillea robusta), and a host of other species. On most sites, it has outgrown and shaded
out or badly suppressed all of these species except the equally fast growing rosegum eucalyptus and the tolerant Formosa
koa. In closed stands, about the only understory species found are strawberry guava (Psidium cattleianum) and occasional
treefern (Cibotium spp.).

Life History

Reproduction and Early Growth

Saligna eucalyptus grown in Hawaii regenerates naturally on bare soil immediately after logging, or on cultivated land
adjacent to planted stands. It rarely becomes established in undisturbed grass or brush cover and never in its own shade.
Coppicing of stumps is variable. Usually about half to two-thirds of the stumps will sprout (26). Age, weather, and (probably)
heredity influence coppicing. The tree also usually produces a mass of special bud tissue at the groundline known as a
lignotuber. The lignotuber will sprout if the stem is killed back by fire or other injury.

Flowering and Fruiting- Saligna eucalyptus trees begin to flower at 3 to 4 years of age. Flowering in Hawaii is most prolific
during January to March but occurs to some extent year round. In Australia, the tree also flowers from January to March; in
California, from April to June. Flowers that consist of numerous stamen filaments surrounding a single shorter pistil occur in
umbels of 4 to 9 flowers. Before opening, the flower buds are about 10 mm (0.4 in) long and 5 min (0.2 in) in diameter with a
short stalk (pedicel), and a blunt, rather pointed cap (operculum) enclosing the stamens. Flowers are perfect. The opened
flowers are yellowish white and are insect pollinated. Pollen is generally shed before the style becomes receptive, so selfing is
rare.

The fruit is a dark-brown, bell-shaped capsule 0.8 em (0.3 in) long and 0.5 cm (0.2 in) in diameter. It is short stalked and has
four pointed, rim level, or slightly exserted valves. The capsule ripens about 6 months after flowering but opens to release
seed 1 or 2 months after ripening (12,13,20).

Seed Production and Dissemination- Seeds are black, irregularly shaped, and about 1.3 min (0.05 in) in diameter. They
are released along with a large amount of reddish-brown chaff when the capsule valves open. There are 460 viable seeds per
gram (13,000/0z) of seed plus chaff (20).

Seeds are naturally dispersed by wind. They can be collected from ripe capsules dried to open after picking. Some unopened
ripe capsules are always present on trees in Hawaii but are most common in August and September. Fresh seeds germinate
readily in 10 to 20 days without pregermination treatment. Seeds can be stored in airtight containers for several years at 0°
to 5° C (32° to 41° F) (20).

Seedling Development- The seedling has obcordate (inverse heart-shaped) cotyledons that are home epigeously as in all
eucalypts. Juvenile leaves are opposite for 3 or 4 pairs, then become alternate, short stalked and lanceolate, and 2.5 by 5.0
cm (1 by 2 in) in size. The adult leaves are alternate, stalked and lanceolate, tapering to a long point, 2.3 by 15 cm (1 by 6
in) in size (13).

In Hawaii, nursery-grown seedlings in containers reach plantable size in 4 to 5 months. Although seedlings are hardy and will
survive bare or open-rooted planting, planting of container-grown stock provides more assurance of success if the weather is
dry just after planting. Under adverse conditions newly planted seedlings often desiccate and suffer leaf-drop, but such plants
usually sprout from the lower stem and recover. When this dieback slows growth, additional weeding or maintenance usually
is required to clear competition (32).

Around the world, seeds usually are germinated in flats containing light-textured medium, and seedlings are transplanted into
other containers after 6 to 8 weeks when a third pair of leaves begins to appear (12). Seeds also are sown directly into beds
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or tubes, but thinning of seedlings is usually required with this method because the small seeds are difficult to handle
individually. Thinning requirements can be overcome by using pelletized seed and seeding devices (15,31).

In Hawaii, saligna eucalyptus seedlings have been grown extensively in open beds. Because of their rapid growth, these
seedlings usually are root pruned at 15-cm (6-in) depth at 6 months and top pruned at 8 months to a 30-cm (12-in) height.
Bare root stock frequently has not survived well after field planting, and Hawaii's practice has now changed to growing
seedlings only in polyethylene tubes (30).

On favorable sites in Hawaii, planted seedlings grow to about 3 m (10 ft) in height in 1 year, and 3 to 5 in (10 to 16 ft) per
year for the next 10 years. After clear cutting of a 44-year-old saligna eucalyptus plantation, natural seedlings that became
established grew to saplings that averaged 9 cm (3.5 in) in d.b.h., and 11 rn (36 ft) in height, 22 months after logging.
Several of these saplings were 18 m (59 ft) tall.

Vegetative Reproduction- Saligna eucalyptus can sprout prolifically from dormant buds located in the cambium throughout
the stem. After a tree is cut, shoots sprout from many points on the remaining bark surface. Those highest on the stump
suppress those lower down and, if not broken off by wind or by weak attachment, become coppice stems that overgrow the
stump (12).

Sprouts will also grow from the lignotuber, a mass of bud tissue at or just below the groundline. Lignotubers are found on
saligna eucalyptus from all but its northernmost provenances, but not on rosegum eucalyptus (12). In managing saligna
eucalyptus for coppice, it is desirable to cut stumps 12 cm (5 in) or less in height, so that the sprouts will develop from near
the lignotuber. Such sprouts generally are more firmly attached but are frequently suppressed by sprouts arising from higher
on the stump. Lignotubers persist when stems are killed by shading, thinning, or fire and often sprout vigorously after a
mature stand is cut (8).

Rooting of cuttings of saligna eucalyptus had been difficult (16) until a method was developed at the Aracruz Co. in Brazil (7).
The method consists of collecting coppice sprouts that are just beginning to harden and keeping them constantly moist while
2-leaf-pair cuttings are prepared and end-dipped in rooting hormone. The cuttings are placed under intermittent mist in
individual containers. In Hawaii, saligna eucalyptus has been easier to root than E. grandis, although most success elsewhere
has been with E. grandis (3,7). However, just as was found for E. grandis in Brazil (6), cutting rootability is variable among
coppice from individual saligna eucalyptus trees.

Tissue culture propagation has also been successful in Hawaii. The techniques used with saligna eucalyptus are essentially
those reported by Boulay (1) for other eucalyptus species. Terminal and lateral shoot tips of greenhouse-grown rooted
cuttings are multiplied, separated, and rooted in sterile culture, and afterwards grown to normal size in a mist chamber. A
number of propagules of saligna eucalyptus produced by tissue culture are now being compared in clonal progeny tests.

Grafting success has been reported for saligna eucalyptus (24,27). Cleft, side, splice, and bottle grafting were all used
successfully, but the tests were not observed for a long enough period to determine the extent of long-term incompatibility, a
problem with many species of Eucalyptus.

Sapling and Pole Stages to Maturity

Growth and Yield- Saligna eucalyptus is a fast growing tree, well suited for producing high yields of wood fiber on short
rotations. Measurements of a plantation spacing study on a good site at Kaumahina, Maui (29) provide an example. Four
spacings were tested: 2.4 by 2.4 m, 3.0 by 3.0 in, 3.7 by 3.7 m, and 4.3 by 4.3 m (8, 10, 12, and 14 ft). At 2 years, trees
averaged 9.6 cm (3.8 in) in d.b.h. and 10.7 rn (35 ft) in height. At 5 years, they had grown to 20.8 cm (8.2 in) in d.b.h. and
22.9 in (75 ft). Mean annual volume increment had already peaked at the two closer spacings in the study and was rapidly
leveling out at the wider spacings. At 15 years, the trees in this study averaged 26.7 cm (10.5 in) in d.b.h. and 39 in (129 ft)
tall. The largest tree was 61 cm (24 in) in d.b.h. and 49 rn (161 ft) tall. At 5 years, the trees at 2.4 by 2.4 m (8 by 8 ft) had
produced 294 m3/ha (4,200 ft3/acre), or 58.8 m3/ha (840 ft3/acre) per year. At 15 years, these trees yielded 683 m3/ha
(9,759 ft3/acre), or 45.6 m3/ha (651 ft3/acre) per year. Trees at 4.3 by 4.3 m (14 by 14 ft) yielded 33.1 m3/ha (473 ft3/acre)
per year.

These figures are comparable to those of Eucalyptus grandis/E. saligna grown in other countries. In Kenya, a mean annual
increment over 5-year periods of 21 m3/ha (300 ft3/acre) for the seedling crop followed by 32 m3/ha (457 ft3/acre) for the
first coppice crop was obtained (11). Other mean annual increment figures cited for E. grandis are 14 to 45 m3/ha (200 to
643 ft3/acre) in Uganda, 28 m3/ha (400 ft3/acre) in Zambia, 50 m3/ha (715 ft3/acre) at 14 years in Argentina, and 22 m3/ha
(314 ft3/acre) in New South Wales, the native habitat of both species (12).
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In two 4-year-old stands in Hawaii, annual increment averaged 13 and 36 m3/ha (185 and 515 ft3/acre). The faster growing
stand yielded wood with a specific gravity of 0.41 for an estimated annual dry-weight yield of stem wood of 15 tonnes/ha (6.7
tons/acre).

The tallest tree in Hawaii, thought to be the tallest hardwood in the United States, is a saligna eucalyptus. When last
measured in 1979, the tree was about 50 years old, 137 cm. (54 in) in d.b.h. and 82.3 m (270 ft) tall.

Rooting Habit- Saligna eucalyptus develops roots throughout the soil profile so that it is quite windfirm on deep soils, but
easily windthrown on shallow soils. It does not produce a taproot. Roots are primarily from the stem below the lignotuber,
although layering sometimes occurs a short distance from the lignotuber on buried stems. In plantations in Hawaii that are
not subject to periodic short drought, about two-thirds of the root system is confined to the upper 61 cm (24 in) of soil where
most of the available nutrients are found. In plantations subject to occasional drying of the surface soil, the shallow roots are
killed and a deeper root system develops.

Reaction to Competition- Because the tree is such a fast starter, planted seedlings can frequently grow faster than
surrounding grass and herbaceous vegetation and shade it out. This is particularly true if the seedlings have an intact root
system when planted, as in modern tube container planting, so that little or no "shock" occurs to delay new growth after
planting. At the upper elevational boundaries of sugarcane fields, saligna eucalyptus grown from seed in the soil at the time of
cane harvest actually outgrew the sugarcane ratoon crop.

In Hawaii, original plantings are made on completely cleared land. Pre-emergent herbicides, though effective, have rarely
been used. If pre-emergents are not used, one cleaning around trees that require it is made after 3 months and, depending
on the site, a second cleaning may sometimes be made at 6 months. Further weeding is seldom necessary. Coppice growth of
saligna eucalyptus is so rapid that competing plants are rarely a problem after cutting.

Tests in Hawaii show that the leguminous tree Albizia falcataria outgrows saligna eucalyptus on some sites when planted row
on row with both species equally fertilized. It is one of the few woody plants known that can grow this fast on sites that are
suited for saligna eucalyptus. The trials of mixing the legume with E. saligna produced increased yields of the eucalypt on
some wet sites, but reduced yields on other, drier sites (10).

In South Africa, thinning schedules have been developed for trees planted at 1330/ha (538/acre) that call for thinning 25
percent of the stems present at 6 years when the stems removed are 13 cm (5 in) in diameter, and 25 percent again at 10
years when they are 20 cm (8 in) (12). These thinnings are continued at 3- to 5-year intervals until a sawtimber harvest is
made at age 30. In the interim, all stumps are allowed to coppice to keep the site free of competition and to supply fuelwood
crops.

Saligna eucalyptus is classed as very intolerant of shade and the slower growing trees in a stand quickly become suppressed.
In Hawaii, crown closure is usually complete and crown differentiation begins in 3 years in stands planted at 3 by 3 in (10 by
10 ft). In coppice stands where numerous stems grow from every stump, crown differentiation begins as soon as sprouts
appear. Many studies have shown that the maximum yield of wood is obtained by not thinning coppice at all (12). However, if
larger diameter and straighter stems are desired, thinning to one to three stems per stump is desirable.

Damaging Agents- Saligna eucalyptus grown in plantations in many parts of the world is susceptible to the eucalyptus
canker disease, Cryphonectria cubensis. The disease kills young trees, deforms stems, and causes basal cankers that reduce
the coppicing ability of stumps (19). Rosegum eucalyptus is somewhat resistant and Eucalyptus urophylla, perhaps, is immune
to the disease, so these species are now being used in place of E. saligna in many Brazilian plantings. In Hawaii, the disease is
present only on the island of Kauai. It attacks E. grandis in Florida but is not causing serious damage (18).

In Western Australia, two other canker diseases, Botryosphaeria ribis and Endothia havaensis, were determined to be
pathogenic on E. saligna planted there, while another, Cytospora eucalypticola, was present but less damaging (14).

Phoracantha semipunctata, a wood-boring insect, degrades wood and reduces growth of eucalyptus in many places, including
Hawaii, but is only a serious problem in trees that are stressed by severe drought. In Australia, saligna eucalyptus is subject
to damage by Spondyliaspis psyllids, which predispose the trees to attack by the wood-boring beetle Xyleborus truncatus
(22).

In Hawaii, wind damage is a severe problem. In January 1980, a severe windstorm caused severe blowdown in 75 percent of
the saligna eucalyptus stands planted during the 1960's (17).
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Special Uses

In Hawaii, saligna eucalyptus has been used to some extent for sawtimber, but only with considerable difficulty and expense.
Most of the milling and lumber quality problems are those associated with growth stress-severe end-splitting of logs, spring of
cants during sawing, compression failures, and brashness of the wood near the pith (25). Because of this, the tree is now
planted primarily for early harvest as pulpwood, or, if it proves economic in the near future, as industrial fuelwood to replace
oil.

Elsewhere in the world, particularly in South Africa and Brazil, the trees and their close relative, E. grandis, are grown
extensively for pulp, poles, and fuel.

Genetics
Population Differences

In an attempt to solve the problem of confused and probably mixed introductions of Eucalyptus saligna and E. grandis,
differences between them have been noted for mature trees in South Africa (12), as follows:

E. saligna E. grandis
Bark: smooth type bluish; Bark: smooth type white; rough
rough type on lower stem type often extends up stem
Flowering (South Africa): Flowering (South Africa); July
January to April to December
Valves of fruit: 3 or 4 Valves of fruit: 4 to 6 blunt,
pointed, straight or spreading incurved
Root crown: Lignotuberous Root crown: Not lignatodus
Branches: Persistent under

shade Not persistent under shade

These characteristics vary among provenances of each species. The northernmost provenances of saligna eucalyptus, for
example, do not have lignotubers (12). When grown in some locations, for example, Hawaii, flowering seasons overlap and
trees probably hybridize extensively. Among 6-year-old trees of provenances collected in Australia growing side-by-side at two
locations in Hawaii, no consistent differences were observed between E. saligna and E. grandis in leaves, bark, or branching
habit (26).

Saligna eucalyptus produces denser wood than E. grandis, but in Hawaii (26), and also in the Republic of South Africa (9)
where yields of the two species growing on the same sites have been compared, the best performing E. grandis provenances
for a particular site produce a higher total weight yield than E. saligna, despite the wood density difference.

Hybrids

Because of the wide international interest and the problems of hybridization and identification of the two species, a
comparison of E. saligna and E. grandis populations representative of the entire range of each species was made in Australia
(4). Distinct differences were found in seedling and mature-tree morphology and allozyme frequencies between core
populations of the two, but intermediate types were found in some remote locations. Core mature saligna eucalyptus had
smaller seed, upright valves (4 per fruit), and non-glaucous fruit and branchlets as compared with E. grandis, which had
larger seed, incurved valves in 5's, glaucous fruit and branchlets. Saligna eucalyptus seedlings had lignotubers and were
glaucous; not so, E. grandis. Saligna eucalyptus seedlings also had smaller cotyledons and narrower, longer leaves. The
allozyme patterns found for native populations in Australia showed species differences and were later compared to patterns
found for populations collected in the Republic of South Africa, which were thought to be hybridized (5). All the South African
trees sampled fell within the allozyme patterns found in Australia for E. grandis, even though several were morphologically
suspect.
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In addition to the Eucalyptus grandis/E. saligna complex, E. saligna crosses with E. robusta, bangalay eucalyptus (E.
botryoides), and probably with forest redgum eucalyptus (E. tereticornis) (12,28). In the southern part of its natural range, a
region of introgression of E. saligna with E. botryoides exists (23).
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Robusta Eucalyptus

Myrtaceae -- Myrtle family
James R King and Roger G. Skolmen

Robusta eucalyptus, Eucalyptus robusta, is native to a narrow coastal area in southeastern Australia. The species is widely
adaptable and has been introduced into many tropical, subtropical, and warm-temperate climates including Puerto Rico,
southern Florida, coastal California, and Hawaii. It is naturalized only in southern Florida and Hawaii. Commonly called
swamp-mahogany in Australia, it is usually called robusta eucalyptus in the United States (2,16), and beakpod eucalyptus in
Puerto Rico (17).

The species was originally introduced as a candidate for timber production, fuel, watershed protection, and windbreaks. By
1960, more than 4650 ha (11,500 acres) of plantations were established in Hawaii. The species has been studied in Florida as
a source of pulpwood (8).

Habitat
Range and Climate

Robusta eucalyptus is native along the Australian coast of New South Wales and southeast Queensland. It is found mainly in
swamps and on the edges of coastal lagoons and rivers where it is subject to periodic flooding (5,9). The mean maximum
temperature in the hottest month is 30° to 32° C (86° to 90° F); the mean minimum of the coldest month is about 3° to 5° C
(37° to 41° F). Throughout the native range, from 5 to 10 light frosts occur each year (6).

In Hawaii, robusta eucalyptus grows well from near sea level to 1100 m (3,600 ft) where annual rainfall ranges from 1000
mm (40 in) to 6350 mm (250 in) and temperatures rarely if ever reach freezing.

Robusta eucalyptus in Florida grows mainly in the southern portion of the State where frosts may occur annually. Mean annual
rainfall averages 1320 min (52 in) with 70 to 80 percent of rain falling during the May to October wet season.

In Puerto Rico the species makes its best growth in mountain regions about 460 m (1,500 ft) where annual rainfall averages
2540 mm (100 in) (17).

In southern California and along coastal northern California, plantings of robusta eucalyptus have been subject to several
unseasonal cold spells (11,20,21) where temperatures reached -9° C (16° F). In every instance severe foliage damage was
initially observed (more than 80 percent of the crown foliage killed), but the stems recovered within 3 months.

Although robusta eucalyptus can recover from occasional severe frost damage, the limiting variable in its distribution seems to
be low temperature. If the temperature drops below -9° C (16° F) annually, introduced robusta eucalyptus will seldom be
successful. In Yunnan Province, China, -7° C (19° F) damaged robusta eucalyptus, but to a lesser extent than E. globulus (4).

Soils and Topography

Robusta eucalyptus grows well on a variety of soils, ranging from its native intermittently flooded sites (6,9) to the hot
summer-dry soils of California's Central Valley (11).

In Florida, typical soils are poorly drained, acid, fine sands with hardpans at depths proportional to the depth of the seasonally
high water table. Robusta eucalyptus does best on the least poorly drained of these soils, which are typical of arenic and aeric
haplaquods of the order Spodosols (7).

Most robusta eucalyptus in Hawaii are planted on sites considered too steep for agriculture-usually slopes of 10 to 20 percent.
On the older islands of Kauai, Oahu, Molokai, and Maui, trees were planted predominantly on Oxisols and Ultisols. On the
youngest island, Hawaii, plantings are mainly on Histosols and Inceptisols. All these soils are formed on basaltic parent
materials, either volcanic ash or lava rocks. Soils are low in nitrogen and phosphorus and often strongly acidic. The lava
substrate may be in either almost continuous sheets or in highly fractured porous clinkers. Soil drainage, therefore, varies
from very poor to extremely rapid in very short distances.
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Associated Forest Cover

In its native range the species is dominant in some areas and is often found in pure stands. Associated trees may include
kinogum eucalyptus (Eucalyptus resinifera), bloodwood eucalyptus (E. gummifera), forest redgum eucalyptus (E. tereticornis),
longleaf casuarina (Casuarina glauca), and various species of Melaleuca (8).

Throughout the 1930's, when most of the tree planting was done in Hawaii, robusta eucalyptus was used to overplant failed
plantations. Consequently, because robusta eucalyptus could survive on a wide variety of sites, it is found in many mixed
plantings. Some common associates with robusta eucalyptus are saligna eucalyptus (Eucalyptus saligna), tallowwood
eucalyptus (E. microcorys), melaleuca (Melaleuca quinquenervia), horsetail casuarina (Casuarina equisetifolia), and silk-oak
(Grevilla robusta). Treefern (Cibotium spp.) is also quite common in the understory of planted stands. One report refers to a
pure stand of robusta eucalyptus being heavily invaded by Javanese podocarpus (Podocarpus cupressina). On wetter- sites on
the island of Hawaii, robusta eucalyptus stands often develop a dense, almost impenetrable, understory of strawberry guava
(Psidium cattleianum)).

Life History
Reproduction and Early Growth

Flowering and Fruiting- Robusta eucalyptus has perfect flowers that are insect pollinated. In Florida, California, and Hawaii,
trees have been observed to flower by the end of the third growing season. The peak flowering season in Florida is from
September to November (7), and the peak season in California is from January to March (11). In Hawaii and more tropical
areas, new flowers may appear at almost any time of the year and individual trees occasionally bloom year-round.

The trees flower with 5 to 10 flowered axillary umbels. The sepals and petals are fused into a caplike structure (operculum)
that drops off the tip of the flower bud at anthesis. The eucalypts are, in general, protandrous (23). The showy part of the
cream-colored flower is actually the numerous filamentous stamens that surround the stigma.

The fruit is a vase-shaped dark green capsule 12 to 15 mm (0.5 to 0.6 in) long that contains many small seeds. The fruit
ripens 5 to 7 months after flowering.

Seed Production and Dissemination- Seeds of robusta eucalyptus are small and like all eucalyptus contain no endosperm.
The viable seed is difficult to separate from the chaff (unfertilized or aborted ovules) in the ripe flower capsules. There are 200
to 400 viable seeds per gram (5,700 to 11,300/0z) of seed and chaff (12).

Seed dispersal is largely by wind and may begin within 6 weeks after the seed capsule ripens. In Florida, most trees retain
seeds in closed capsules for more than 1 year after ripening (7).

Seedling Development- Germination is epigeal (12). Robusta eucalyptus in Florida has occasionally reproduced naturally
around abandoned homesteads, probably following fire on the native range. The seed source was usually an old amenity
planting of robusta eucalyptus and the seedlings outgrew the disturbed native vegetation. The species does not invade
recently abandoned agricultural fields because of the more intense competition from weeds (7).

Most robusta eucalyptus stands in Florida are being established through the planting of container-grown stock. Seedlings in
Florida need several months to grow into frost-hardy saplings before facing their first frost. Early spring planting would be
ideal, but soil moisture is deficient until summer rainfall begins. Thus mid-June through mid-August is the recommended
planting period (7).

Most robusta eucalyptus stands in Hawaii have been established as single species plantings and, after logging or other
disturbance, regenerate as pure stands of coppice and seedlings. Robusta eucalyptus has recently been used in biomass
plantations. These were all made with container-grown

seedlings to assure the rapid early start needed to stay ahead of the wide variety of competing, aggressive vegetation (25).
After planting, container-grown seedlings in Hawaii grow almost 30 cm (12 in) per month for the first few years.

Vegetative Reproduction- The majority of new stems in logged stands of robusta eucalyptus are of coppice origin. These
coppice shoots arise from dormant buds in the cambium of the stump. All parts of the stem surface under the bark contain
dormant buds that sprout rapidly after crown injury.
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Robusta eucalyptus is one of the Eucalyptus species that produces lignotubers. A lignotuber consists of a mass of vegetative
buds and contains substantial food reserves. It begins forming in the axils of the cotyledons and the first three pairs of the
seedling leaves. Eventually these organs are overgrown by the main stem and remain as tuberous bulges just above the root
crown.

When robusta eucalyptus is logged, therefore, the source of the coppice is usually the dormant buds in the stem cambium
surrounding the stump. But if the entire stem is killed through fire, or in young seedlings through grazing, new coppice shoots
may arise from the lignotubers (23). In a Florida test, robusta eucalyptus coppicing proved to be less influenced by season of
cutting than either E. grandis or a hybrid E. grandis x robusta, but was reduced during the hot, dry summer (26).

No rooted cuttings of robusta eucalyptus have been used on a commercial scale, but cuttings taken from young seedlings and
young coppice shoots have been successfully rooted (10).

Sapling and Pole Stages to Maturity

Growth and Yield- In 1960, a study in eight different Hawaiian plantations of robusta eucalyptus gave the following growth
data for plantations at elevations ranging from 395 to 730 m (1,300 to 2,400 ft), and trees aged 23 to 38 years, with 358 to
642 trees per hectare (145 to 260/acre) larger than 28 cm (11 in) in d.b.h. (14,22):

Basal area: 51 to 184 m2/ha (220 to 800 ft2/acre).

Height of dominants: 28 to 55 m (93 to 179 ft).

Mean annual growth per stand: 7 to 48 m3/ha (100 to 685 ft3/acre).
Mean annual growth for all eight stands: 26 m3/ha (370 ft3/acre).

One of Florida's first eucalyptus plantations of operational scale established with genetically improved seedlings was
established in 1972 on a palmetto prairie site. Within this planting, a system of inventory plots was established to develop the
data needed to determine optimum rotation length, expected yields, and other management guidelines. Although the planting
is considered seriously understocked with 786 trees per hectare (318 trees/acre), measurements at 10.25 years estimate a
mean annual yield of 16.7 m3/ha (238 ft3/acre). Mean height of all stems was 16.6 m (54.5 ft) and height of dominant class
trees only was 21.3 m (70 ft). Stand volume in 1979 was 172 m3/ha (2,458 ft3/acre) (7,18).

Planted trees in Puerto Rico have reached 27.4 m (90 ft) in height and 41 cm (16 in) in d.b.h. in 15 years (17). Coppice
stands often outproduce seedling stands. A 10-year-old coppice stand in Hawaii produced 140 m3/ha (2,000 ft3/acre), while
an adjacent 12-year-old seedling stand yielded only 96 m3 /ha (1,372 ft3/acre) (3).

Rooting Habit- The most distinctive characteristic of the rooting habit of robusta eucalyptus in Hawaii is the tree's ability, in
moist areas, to initiate adventitious roots from buds on the stem at heights of 6 to 12 m (20 to 40 ft) (fig. 2) (13). These
roots grow downward through the moist bark and into the soil. As the root grows in diameter, it sometimes breaks free from
the soft bark and appears as an aerial root. The lower stems of occasional robusta eucalyptus become completely encased in
an interwoven mass of these aerial roots, some of them 20 cm (8 in) in diameter (14). The species rarely displays this habit in
its native range or in more temperate climates. Adventitious roots, however, have been noted on a robusta eucalyptus in the
Sydney Botanical Garden in Australia, and near Rio de Janeiro (15). Although some layering from the stem may occur as
noted earlier, most roots originate below the lignotubers and occupy the entire available soil profile on well-drained sites.
Robusta eucalyptus is usually quite windfirm on deeper soils and is often used for windbreaks in Hawaii.

Reaction to Competition- Robusta eucalyptus is classed as intolerant of shade. Where planted in alternate rows with saligna
eucalyptus it is invariably overtopped, suppressed, and usually dies within 30 years. In Hawaii, robusta eucalyptus is planted
on prepared sites and usually grows faster than weedy competitors invading the site. On extremely refractory sites robusta
eucalyptus is considered the species of last resort because of its remarkable ability to survive and grow.

Damaging Agents-Robusta eucalyptus is remarkably free of serious insects or diseases when grown in the United States.
Cylindrocladium scoparium has caused serious losses of seedlings in Florida (1). However, this fungus can now be successfully
controlled by fumigation of soil and containers with methyl bromide before sowing and a followup treatment with benomyl
spray. The major cause of damage to robusta eucalyptus stands in Hawaii is wind (14). Violent windstorms have snapped
stems and uprooted trees. Uprooting damage can be particularly severe when stands are established in shallow soils
overlaying a solid mantle of lava rock. Naturally, such shallow soils should be avoided and planting concentrated on soils or
fractured bedrock where roots can penetrate to greater depths.
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In Florida, robusta eucalyptus plantings at about age 5 may develop a condition called "robusta breakup." Patches of young
trees may develop a bend in the main stem or on primary branches. Breakage may also occur along the main stem or primary
branches, and the wood at the point of breakage may appear dry and brash. No primary pathogens or pests have been
associated with this breakage. Minor element deficiencies are suspected but are not proven as the cause. Adjacent stands of
rosegum eucalyptus (Eucalyptus grandis) appear unaffected (7).

Special Uses

Robusta eucalyptus has found use in urban forestry and as farm windbreaks because of its dark shiny leaves and its generally
dense crown. Twigs and branches continually die off and fall to the ground, however, so that the tree is rather hazardous for
use in parklands, campgrounds, or even gardens. On the island of Kauai, an older roadside planting of robusta eucalyptus,
though most attractive, is maintained at a high cost for road cleanup.

Genetics
Population Differences

We know of no published data on population differences in robusta eucalyptus. Studies (see "Races") using seed collections
from Australia could be suitable for grouping and analyzing by particular provenances, but such analyses have not been
reported.

Races

In 1975, foresters in southern Florida established a genetic base population of 352 collections of Eucalyptus robusta from
individual selected trees in Australia, advanced generation families from two previous generations of selection in Florida, as
well as selections from Florida's naturalized stands. This base population was subsequently selected and rogued to form a
seedling seed orchard that produces seeds of a bona fide land race of E. robusta for southern Florida. This seed orchard was
also a source of genetic material for an effort to develop E. grandis and E. robusta hybrids adapted to Florida conditions
(7,19).

Hybrids

Several natural hybrids involving Eucalyptus robusta have been reported (24). All of the known interspecific hybrids are
between E. robusta and other species of the subgenus Symphomyrtus. Several have been assigned recognized botanical
names. They are E. botryoides var. platycarpa (E. botryoides x robusta), E. grandis var. grandiflora (E. grandis x robusta), E.
longifolia var. multiflora (E. longifolia x robusta), E. kirtoniana (E. robusta x tereticornis), E. patentinervis, E. insizwaensis (E.
robusta x globulus, probably), and an unnamed hybrid (E. robusta x saligna, probably).
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ELEMENT STEWARDSHIP ABSTRACT
for

Fraxinu uhdei

Tropical Ash

The Nature Conservancy
Element Stewardship Abstract
For Fraxinus uhdei

|. IDENTIFIERS
Common Name: Global Rank: G?

General Description:
Tree of the olive family (Oleacea) reaching up 52 tall.

Pest/Weed Considerations:
Found on major islands; pest on Oahu and Malokait{51985). considered a pest on Oahu and Moldkaith 1985). considered a pest on Oahu and
Molokai (Smith 1985).

Il. STEWARDSHIP SUMMARY

Fraxinus uhdei is a habitat-disruptive alien plpecies in Hawaii, at least on Molokai and Oatusiiccess as a weed is due to prolific seedlingiteent,
rapid early growth, and the shade tolerance oflsegdand saplings. Manual and mechanical methadse used for smaller plants, although their iefficy
is problematic. Ring notching or cut stump with [Bar3A is recommended for larger plants. Contrére$ should begin with outlying plants and the esigf
larger stands and progress toward the center aftéimels. Monitoring the recovery of highly altestdnds following control efforts is warranted. Goht
efforts should begin immediately at Kamakou Preseput can be prioritized below other species ak#faoi Preserve. Detailed studies of life-histonga
ecology are not needed, although seed viabilithénsoil is of interest to management.

IIl. NATURAL HISTORY

Range:
Native to western and southern Mexico, it was htiied to Hawaii originally as a shade tree.

Habitat:
Fraxinus uhdei was planted extensively startintné1920's as a watershed species, and in thes1®68' potential timber species. Over 700,000 wees
planted, all apparently from the same seed sotweetrees on Oahu planted in the 1890's (Little 8kdimen 1989).

Fraxinus uhdei appears to have a rather broad i@frigéerance. It has been planted and escapedgtantings in wet and mesic environments. It groest
between 1,000 and 1,700 m elevation but also @p0@0 m (Smith 1985). Nelson and Schubert (197t)rtehat it grows best from 450-1500 m in moist,
well-drained sites. In mesic and dry areas, isisally confined to gulches and wet areas (Skolpers. comm., 1991).

Reproduction:

Fraxinus uhdei regenerates mostly or possibly askebly from seed (Skolmen, pers. comm., 1991). $eeduction is copious. Although fruits are app#ésen
adapted for wind-dispersal, establishments appeae rather short range, suggesting that wind dispefrequent. Seeds banks may survive up ta eigh
years, as suggested by continued seedling recmiiim@opulations controlled at Hawaii Volcanoediblaal Park. Its success as an invading species is
probably due to copious seed production, abilityeenerate under its own canopy, shade toleradngaiag plants, and rapid growth of seedlings, isgsl
and poles.

Impacts:

Smith (1985) considers Fraxinus uhdei to be orte@B6 alien plant species most disruptive to eatiosystems in Hawaii because it can form sirggeiss
stands. It appears to be more of a threat at KamBkeserve than Waikamoi. Its dispersal at Kamakemhanced by strategic location of the numerous
plantings. Ash can be spread down stream and dmpe fom plantings. Tropical ash is slowly expargduphill at Waikamoi. Recruitment from the seed
bank appears to be considerably less than thaainakou.

IV. CONDITION
V. MANAGEMENT/MONITORING
Preserve Selection & Design Considerations:

The recovery of sites from which Fraxinus uhdei basn removed has not been determined to datenf®eeoaded control programs at Kamakou will test
recovery potential.

87



Forest Industry Development Research
State of Hawaii — Division of Land and Natural Reses
December 15, 2006
Medallion Hawaiian Hardwoods LLC

Management Requirements:

Control of Fraxinus uhdei should be a high priodtyKamakou Preserve. Tropical ash has alterely fitensive areas, especially species-rich drasag
Small plantings and natural outliers are numersuggesting that tropical ash may spread rapidtgérfuture. Control efforts are not urgent at Waika
Preserve where stands are smaller, less alterdayportunities for dispersal reduced.

Only seedlings and small saplings can be uprootetlaly. A weed wrench may be effective on largglisags, but relatively time-consuming. Use of an
herbicide is required for larger plants. Arakakakt(1989) found that undiluted Garlon 3A in ationous ring notch application offered completeteain

Use of Garlon 3A as a cut stump applications shbeldhore practical for smaller trees. Lower conegiuns than that recommended for notching may ladso
effective. Management should start with outlyingpplations and the edges of larger stands and vewvéirtd the center of the stand.

Management Programs:
Some control, especially of smaller plants, hasherlertaken at Kamamkou. Four small population® wentrolled at Hawaii Volcanoes National Park,
although control efforts are still needed on seedli

Monitoring Requirements:
Monitoring is needed at Kamakou Preserve to detezrttie complete distribution of Fraxinus uhdehia preserve, management effectiveness once control
efforts begin, and recovery of stands in whicls itontrolled.

Distribution mapping and guantitative assessmeintswer and density in treated stands.

Monitoring Programs:

Houck (1987) used releves to characterize vegetatiGraxinus uhdei stands. Their utility for mamihg depends on the ability of future investigattar
relocate these unmarked study sites.

VI. RESEARCH

Management Research Programs:

Houck (1987) attempted to document the impact akifus uhdei on native vegetation by characteriziogical ash dominated stands in Kamakou Preserve.
Arakaki et al. 1989 found an effective herbicideomtrol tropical ash. No other published literatapuld be located on conservation managementtaspec
this species. Most of the limited research literatleals with experimental forestry planting optoal ash in Hawaii.

Management Research Needs:

Houck's report (Houch 1987) is useful in elucidatfits interaction with native vegetation and indiita the magnitude of the threat posed by Fraxurhdei to
Kamakou Preserve. (Unfortunately, few studies of kind have been conducted for disruptive alienpbpecies in Hawaii.) The monitoring describeavab
should be sufficient for management purposes.

In general, thorough studies of life-history andlegy are warranted for widely spread disruptivecsps such as strawberry guava (Psidium cattleixanch
clidemia (Clidemia hirta). However, testing viabyildf tropical ash seed under field conditions Wwilp managers in developing control programs. ¢aisbe
done by burying seed in soil in containers belogvlével at which light stimulated germination wike place. A sample can be extracted every 6-Ifthap
and seeds can be tested for germination underlypasga or laboratory conditions.

VIl. ADDITIONAL TOPICS

VIII. INFORMATION SOURCES

Bibliography:

Houck, C. A. 1987. Study of the Mexican ash, Fraginhdei (Wenzig) Lingelsheim, on The Nature Coram®ry's Kamakou Preserve, Moloka'i, Hawai'i. A
report submitted to the Department of Biology, Tworado College and available in Kamakou Presiie® 66 pp.

Little, E. L., Jr., and R. G. Skolmen. 1989. Comnfamest Trees of Hawaii (Introduced and Native)itéthStates Department of Agriculture, Forest Servi
Agric. Handbook No. 679. 321 pp.

Smith, C. W. 1985. Impact of alien plants on Hatsaiative biota. pp. 180-250. in C. P. Stone amd. Bcott (eds.). Hawaii's terrestrial ecosystems:
preservation and management. Univ. Hawaii Coopl. Ratk Resour. Studies Unit, University of HawRiiess. 584 pp.

IX. DOCUMENT PREPARATION & MAINTENANCE
Edition Date: 1991-08-12
Contributing Author(s): TIM TUNISON
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Toona Ciliata Australian Red Cedar Toon
MELIACEAE
Toona australis (F. Muell.) Harms., Cedrela australis F. Muell., Cedrela toona Roxb var. australis C. DC.
Toona from Toon the Indian name for the tree; australis from Latin australis southern.
Red Cedar.
Red Cedar (RCD).

A large deciduous tree generally with a wide spreading and handsome crown attaining a height of 45 m and a stem diameter of 210
cm.

Buttressed, flanged or fairly cylindrical.

Reddish brown, glossy when young, when older changes to brown or grey, scaly, shed in oblong or irregular pieces, leaving slight
depressions in the surface of the bark. Typical Red Cedar fragrance.

Thick, brown or red on the leafy section, smooth or minutely downy with a few cream raised lenticels. Leaf scars distinct, young
shoots finely downy.

Alternate, pinnate, consisting of five to seventeen leaflets. Leaflets opposite or irregularly alternate, ovate-lanceolate, 4-13 cm
long, often drawn out to a long point at the tip, unequal at the base. Green both surfaces, paler beneath, red and downy when young.
Primary leaf stalk 3-9 cm to the first leaflets. Leaflet stalks 3-6 mm long.

Visible on both surfaces but more prominent on the underside. Sometimes reddish or purplish in colour, occasionally there are
tufts of hairs where the lateral veins join the midrib.

White, fragrant, in a large pyramidal panicle at the ends of the branchlets. Individual flowers about 5 mm long. Flowering period
September to November.

A dry capsule, light brown, elliptical, about 18 mm long, splitting into five valves containing four to five winged seeds about
13-18 mm long in each valve. Fruit ripe January to March.

Subtropical to riverine rainforests but also on alluvial soils in warm temperate rainforest. Formerly most plentiful on the basaltic-
derived alluvial flats of larger rivers.

Coastal rainforests from Benandarah, NSW to Mclllwraith Range, North Queensland.

Red, soft, light and durable. Probably the most favoured and valued Australian timber for furniture and cabinet work and
interior decoration. Lyctid borer susceptible. Density 450 kg/m®.

200 000-300 000 seeds per kilogram. Germination of fresh sown seed is very rapid, commencing within 7 days and complete
with 68% germination after 28 days. Can be stored at -4°C for 5 years with 97% germination and even after 121 years with 38% germination.
The first three seedling leaves are three-lobed with a larger terminal toothed lobe. Fourth to seventh leaves are trifoliate, while the eighth to
tenth are five foliate. All leaves up to sixteen are toothed, but subsequent leaves are entire.

Deciduous tree; bark and timber distinctively ‘cedar’; young shoots red and finely downy; leaves alternate,
pinnate, 5-17 leaflets; fruit a dry capsule, light brown, splitting into five valves; seeds winged.
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Relative Hardness of Woods
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Source: National Hardwood Floor Association
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